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Abstract 
The present study was conducted to evaluate date pits as an energy source of Nile 
tilapia fingerlings and adults, in two consecutive experiments. In the first experiment, five 
isocaJoric (450 kcallJ OOg)-isonitrogenous (35% crude protein) diets containing of date 
pits as a replacement for wheat bran (energy source) 0, 25, 50, 75 and 100010 levels were 
prepared. The diets were fed to duplicate groups of Nile til apia, Oreochromis nilodcus 
fmgerlings and adults, with average initial weights of 10 and 50g, respectively twice a day, 
for 70 days. The culture system consisted of70-L, fiberglass tanks connected together in a 
closed system. The results indicated that the inclusion of date pits in the diets of both sizes 
resulted in a significant retardation in growth performance and feed utilization efficiency 
of Nile tilapia. Body composition was not significantly affect by dietary treatment except 
for body lipid which was significantly decreased in adult fish fed 100% date pits. The 
results revealed also that fingerlings fish utilized date pits more efficiently than adult fish. 
In the second experiment, 8 isocaloric (450 kcaV I OOg)-isonitrogenous (35% crude 
protein) containing 0, 25 and 50% date pits, 25 and 50% acid treated date pits, 25 and 50 
date pits supplemented with exogenous enzyme and 50% acid treated date pits 
supplemented with enzymes. The diets were fed to Nile tilapia fingerlings (lOg), twice a 
day for 88 days. The results indicated that the control diet produced better growth 
performance and feed efficiency ratio than date pits-based diets. Growth performance and 
feed efficiency were significantly retarded with the increase in date pits levels. 
Protein and energy retention and body composition were not significantly affected 
by date pits levels. Acid treatment and enzyme supplementation did not improve date pits 
quality. 
IT 
In conclusion, despite the retardation in the performance of fish fed date pits, the 
decrease in feed cost may compensate for this retardation. Therefore, about 25% raw date 
pits could be included in tilapia diets as a replacement of wheat bran. 
TIl 
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Introduction 
Introduction 
The United Arab Emirates is one of the major date palm funning and date 
producing countries in the world. This is due to the encouragement, support and 
awareness of H.H Sheikh Zayed bin Sultan AI Nbiyan, president of the United Arab 
Emirates to the importance of that cherished tree to our lives. A great attention has been 
given to date palm agriculture in recent years. As a result, the number of date palm trees 
has reached 40,700,000 trees, distributed all over the county. Abu Dhabi alone has about 
33,476,000 palm trees. Date production from date paim trees was about 757,601 tons in 
the beginning of the year 2002 (Ministry of Agriculture and Fisheries, MAF, 2002). It is 
known that about 10-15 % of date is in the form of date pits, from this estimation one can 
realize the amount of date by-products produced form this industry, would reach 75,000-
100,000 ton in 2002. 
In addition to the importance of date palm as a producer of date fruit, date palm 
by-products are used for other purposes such as animal feed. This is indicated in a 
number of studies using sheep (Tag EI- Din and Nour, 1996; EI Hag et aI., 1996; 
Hmeidan et ai., 19%), poultry (Hmeidan et aI., 1996; Najib et aI., 1996; Hussein et aI., 
1998), Calves (El Hag and El Khanjari, 2000) as experimental animals. 
However the use of date byproducts as a feed ingredient for fisb was not well 
investigated. Few studies were conducted on the use of date by-products for common 
carp (Al Asgah, 1987) Nile tilapia (Omar and Nour, 1996; Belal and Al Jasser, 1997) and 
blue tilapia, Oreochromis aureus (Yousif et al. 1996). These studies found that date by­
products could be used as a nutritional source for these fishes. 
1 
Tilapia is the secon d most important culture d fresh water fish species in t...'-le 
worl d, after carps. Therefore the production of farme d tilapia has jumpe d from 70 6,238 
ton 10 1995 to 1,2 65,780 ton in 2000 with a value of 5 6,466,98 1.9 $ US ( F  AO, 2002). 
Worl d culture d tilapia pro ductions from 1995 to 2000 are given in table ( 1). Tilapia is an 
excellent can di date for aquaculture, because ( 1) it can repro duce easily in captivity an d 
has short generation time (pullin and Lowe-McConnell, 1982), (2) it has the ability to 
utilize a wi de range of natural foo d an d arti ficial fee d, (3 )  it can tolerate a wi de range of 
environmental conditions, (4) it has rapi d growth rates (E I-Saye d an d Teshima, 199 1), (5) 
it can resist stress an d disease (Lovell, 1980; Jauncey an d Ross, 1982), (6) it can fee d on 
low trophic levels an d accept arti ficial feeds imme diately after yolk -sac absorption (El­
Saye d and Teshima, 1992). 
Several alternative nutrient sources have been teste d for Tilapia culture, for many 
years. However, little attention has been pai d to the use of dates an d date by-pro ducts as 
fish fee d ingredients. 
The present stu dy was con ducted to investigate the use date pits as an energy 
source for two sizes (lO g an d 50 g) of Nile tilapia. 
2 
Table 3: World cultured tilapia production from 1995 to 2000 (FAO, 2002): 
Year Production (ton) 
1995 706,238 
1996 8 12,805 
199 7 926,756 
1998 944,3 7 7  
1999 1,099,053 
2000 1,265,780 
3 
Literature �view 
Literature Review 
Taxonomy of Tilapia and Most Cultured Species : 
Tilapias belong to family Cichildae. They are grouped into the following genera: 
1. arotherodon and Oreochromis species, also called mouth-brooders: The 
female incubates and hatches her eggs in her mouth after they are laid and the male 
fertilizes them. They are microphagous fishes that exhibit biparental, parental and 
maternal care of their young. Most cultured species of this genus are Oreochromis 
mossambiclls, 0. niloticus, O. aureus, and 0. galilaeus (Bardach et aI., 1972; Stickney 
and Hesby, 1977' Collins and Smitherman, 1978; Mil1er, 1979; Santiago et aI., 1987). 
2. Tilapia species, also called Substrate-spawners: The eggs are laid and hatched 
on the bottom substrates in a nest dug by the male and female. The parents guard their 
eggs and fry, but do not protect them in their mouths. They are macrophagous fishes. The 
most popular cultured species are Tilapia Zillii and T rend alii (Kanazawa et aI., 1980a, 
b; EI-Sayed, 1987). 
The cross-breading between and among tilapias has resulted in a wide variety of 
tilapia hybrids. Among these, red tilapia (cross-breading between 0. mossambicus and 0. 
niloticus) (Kuo, 1988; Chang et al., 1988) and Florida red tilapia (0. mossambicus X 0. 
urolepis hornornm) (Watanabe et aL, 1988a, b) are the most common. 
Nutrient Requirements of Tilapia:  
The nutrition of  tilapia is  similar to  that of  other animal species. That is, tilapia 
require the same nutrients as other animals, for normal metabolic functions. However, the 
amounts of a particular nutrient needed by tilapia may differ from that of other animals. 
4 
Tilapia nutrition pLays an important role especially under conditions of high stocking 
density, when natural food supply is not sufficient . The formulated feeds should be 
nutritionally balanced in terms of their protein, carbohydrates, filt, etc., and should also 
contain vitamins and minerals for optimal growth and reproduction performance. A 
deficiency in one or more of the essential nutrients would reduce performance and may 
cause disease or even death. The nutrient requirements of tilapia are summarized in the 
following review. 
1 .  Protein and A mino Acid Require ments :  
The quantitative protein requirements of tilapia have been studied by many 
authors. For 0. niloticus fry to 5 g fingerlings, 30 to 47 % proteins were found to produce 
maximum growth (Appler and Jauncey, 1983; Tacon et aI., 1983; Appler, 1985; De Silva 
and Perera, 1985; Wee and Tung, 1988; De Silva et ai., 1989; Teshima et aI., 1985a; EI 
Sayed and Teshima, 1992; Jovert et  aJ., 1993). In addition, 0. nilotiClis weight (0.56 g) 
fed on a casin:gelatin (3:1) diet required 35% protein for optimum growth (Teshima et 
aI., 1985 a). Growth, feed efficiency and protein and energy utilization for 0. nilotiClis 
fingerlings increased with increasing protein form 25 to 30 % (Omar, 1994). Siddiqui et 
al. (1998) found that Nile tilapia receiving 45 % dietary protein spawned more frequently 
than those receiving 25 % dietary protein. The number of eggs per female was 
significantly higher for female fed the 45 % dietary protein. Furthermore, EI-Sayed et a1. 
(2002) found that the Nile tilapia receiving 40 % dietary protein spawned more 
frequently in high salinity level. 
5 
Studies on T zillii (feshima et at., 1978; Mazid et aL, 1979, EI-Sayed, 1987), 0. 
aurells (Winfree and Stickney, 1981) and 0. mossambic-"'1ls (Jauncey, 1982) showed that 
when dietary protein is increased up to a certain level, growth rates were increased, then 
decreased with further increase in protein levels in the feed. 
Oreochromis mossambiclls weight 0.5-1.0 g (Juancey, 1982), 1-2.5 g (Cruz and 
Laudencia, 1977), 12-70 g fish (Jackson et aL, 1982) requires 40 %, 29-38 % and 30 % 
protein, respectively. In addition, 36 % protein was required by 0.3-0.5 go. aureus (De 
Silva and Stickney, 1978) and 34 % for 2.5-7.5 g (Winfree and Stickney, 1981) for 
optimal growth. In the mean time, optimum weight gain and feed conversion of T. zillii 
fmgerlings (1.67 g) fed casein-based semipurified diets were obtained at 30-35 % crude 
Protein (Teshima et ai., 1978; Mazied et ai., 1979). 
In the mean time, optimal protein requirement of tilapia hybrid (0. niloticus X 0. 
aureus) (Shiau et ai., 1987) and (0. niloticus X 0. homorum) (Yung et ai., 1989), Florida 
red tilapia (Watanabe et aI., 1990; Mansour, 1997) ranged from 28-32 % of the diet. 
It is obvious, therefore, that between 25 and 45 % dietary protein were required for 
optimum growth of tilapia, depending on culture conditions, fish species and size and 
protein and energy sources (De Silva and Gunasekera, 1989). The protein requirements of 
farmed tilapia is summarized in table 2. 
6 
Species Size (g) Protein Requirements References 
0. n iloticus X 0. 145-242 FM+CSM 20 Cisse, 1988 
aureus 
FM 32 Shiau et al., 1987 
0. ni/oliclis X 0. 1.24 32 Luquet, 1989 
homomm 
14.5 30.5 Yung et al., 1989 
O. mas ambicu X 8.87 28 Watanabe et al., 
0. homorum 1990 
F M: F ish Meal 
SBM: Soybean Meal 
BM: Bone Meal 
CSM: Cotton Seed Meal 
8 
Table 2:  Protein requirements of cultured tilapia: 
Species Size (g) Protein Req uirernents References 
0. niloticus Fry FM 45% E]-Sayed and 
Teshima, 1992 
0.002- FM 28.30 De Silva and Perera, 
0.028 1985 
0.09 45 Jovert et al. , 1993 
0.56 Casein/Gelatin 35 Teshima et aI., 1985 
0.80 FM 40 Siddiqui et ai., 1988 
1.00 Casein 40 Kanazawa et ai., 
1982 
l.29 Casein 40 Teshima et aI., 1982 
1.5-7.5 Casein/Gelatin 36 Lim (undated) 
3.50 Casein 30 Wang et ai., 1985 
6.1-16.5 FM 30 De Silva and 
Radampola, 1991 
24 FM+SBM+BM 27.5 Wee and Tuan, 1988 
34 Egg albumen 28-30 Y ong et aI., 1989 
40 FM 30 Siddiqui et al. , 1988 
o.mossambicus Fry FM 50 Jauncey and Ross, 
1982 
0.50-1.00 FM 40 Jauncey, 1982 
1.00-2.50 FM+SBM+CM 29-38 Cruz and Laudenica, 
1977 
6-30 FM 30-35 Jauncey and Ross, 
1982 
0. aureus 0.30-0.50 SBM or FM 36 Davies and Stickney, 
1978 
2.50 Casein/albumen 56 Winfree and 
Stickney, 1981 
7.5 Casein/albumen 34 Winfree and 
Stickney, 1981 
T zillii 1.35-1.80 Casein 35 Mazid et al., 1979 
1.4 Casein/Gelatin 35 EI-Sayed, 1987 
7 
1 . 1 . Essential Amino Acid Requirements: 
There are approximately twenty-five different amino acids present in feed protein, 
of which about 20 or more enter into the make-up of fish tissue (NRC, 1981). Some of 
these amino acids are not essential dietary components, because fish can synthesize them 
from other amino acids or nutrients. However, ten of these amino acids cannot be 
synthesized either in sufficient quantities or at all in fish body and must be provided with 
the diet. They are known as the essential amino acids (EAAs). The EAAs required by fish 
are given in table 3 (NRC, 1981). 
Protein quality is influenced primarily by amino acid profile If one or more of the 
EAAs is not available, or limited from the food source, deficiency signs including 
retardation in growth rates, well appear. It is, therefore, necessary to obtain sufficient 
knowledge of the specific amino acid requirements of cultured fish species, and prepare 
mixtures of proteins supplemented with the deficient amino acids to achieve maximum 
growth and protein efficiency. 
Few studies have investigated the essential amino acid requirements of some 
tilapia. Jackson and Capper (1982) estimated the lysine (1.62 % diet), methionine (0.53 
%), and arginine (1.52 %) requirements of 0. mossambicus, by using practical diet 
containing 40 % crude protein. Santiago and Lovell (1988) determined the 10 essential 
amino acid requirements for 0. niloticus fry using casein/gelatin diets, with profile 
similar to 28 % whole egg protein except for the test amino acid. That work represented 
the most extensive and complete study on the EAA requirements of tilapia. However, the 
values reported by Santiago and Lovell (1988) were significantly higher than those 
reported by Jauncey et al. (1983) on 0. mossambicus. Jackson and Capper (1982) 
9 
a 40 % protein diet fed to 0. mossambicus resulted in a decrease in fish growth. Similar 
patterns were reported on 0. niloticlls (Teshima et al., 1986) and T. zillU (Ei Sayed, 
1989). When those species were fed casein/amino acid diets, they grew at a slower rate 
than fish fed casein/gelatin diets, (table 4). 
Table 3 :  List of essential amino acids in fish diets (NRC, 1981): 
Essential amino acids Appriviation 
Arginine Arg 
Histidine His 
Isoleucine Iso 
Leucine Leu 
Lysine Lys 
Methionine Met 
Phen y lalanine Phe 
Threonine Thr 
Tryptophan Try 
Valine Val 
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Table 4: Essential amino acids requirements of O. mossambicus and O. niloticus as a 
percent of dietary protein and d iet (in parentheses): 
Amino 
Acid 
Lys 
Arg 
His 
Thr 
Val 
Leu 
Iso 
Met 
Phe 
Try 
O. mossambicus 
(Jackson and Capper, 
1982) 
4.05 (1.62) 
3.80 (1.52) 
1.33 (0.53) 
Species 
O. mossambicus 0. niloticus 
(Jauncey et aI., 1983) (Santiago and 
Lovell, 1988) 
3.78 (1.51) 5.12 (1.43) 
2.82 (1.13) 420 (1.18) 
1.05 (0.42) 1.72 (0.48) 
2.93 (1.17) 3.75 (1.05) 
2.20 (0.88) 2.80 (0.78) 
3.40 (I.35) 339 (0.95) 
2.01 (0.80) 3.11 (0.87) 
0.99 (0.40) 2.68 (0.75) 
2.50 (1.00) 3.75 (1.05) 
0.43 (0.17) 1.00 (0.28) 
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Teshima and Kanazawa (1988) studied the effect of dietary methionine as 
crystalline EAAs or as supplemental methionine-enriched soybean plastein (SBP) in a 30 
% protein diet on the growth and feed utilization of O. niloticus fry (0.4 g). The 
casein/gelatin diet produced the best fish performance, while the SBP/gelatin diet gave 
the lowest fish growth and feed utilization. Supplementing the diet with crystalline 
methionine did not enhance fish performance. On the other hand, methionine-enriched 
SBP protein improved fish and feed utilization efficiency. The authors suggested the 
possible use of methionine-enriched SBP to improve the nutritive value of methionine­
deficient plant protein source. 
In order to detemline the essential amino acid requirements of fish, the amounted 
the availability of the various essential amino acids in the feed ingredients should be 
determined (Wilson et al., 1981)' However, the availability of EAAs varies within and 
among the various protein sources (Wilson et aI., 1981). A diet containing only soybean 
meal as the protein source would be deficient in methionine and cystine (Ogino, 1980), 
leading to reduction in fish growth. Fishmeal, on the other hand, contains nearly all the 
EAAs in the required quantities. Unfortunately, the high cost of fishmeal precludes its 
exclusive use in fish feed formulation. 
1.2. Dietary Protein Sources: 
Most of the studies conducted on the determination of the quantitative protein 
requirements have used high-quality protein sources, such as fishmeal or casein. 
12 
Add itional studies have been done in the laboratory to evaluate cheaper feedstuffs as 
alternative sources of dietary protein for practical diets. 
1 .2. 1 .  Fish Meal: 
Fishmeal (FM) has been traditional1y used as the main source of dietary protein 
for fish in aquaculture. The nutritional characteristics of FM protein are similar to the 
nutritional requirements of cultured finfish (Tacon, 1 993). FM contains an excellent 
EAAs profile. Moreover, apart form being a good source of high quality animal protein, 
FM is also a good source ofEAAs, digestible energy, macro and trace minerals, vitamins, 
and generally acts as a feeding stimulant for most fish species (EI Sayed, 1 999). 
However, there is an urgent need for aquafeed industry to reduce its total dependence 
upon FM as a protein source because the high global demand for FM has resulted in its 
inadequate supply and increased prices. Thus, many fish nutritionists are exploring the 
use of other efficient sources. El-Sayed ( 1 999) classified the alternative dietary protein 
sources for farmed tilapia, Oreochromis sp. as follows: 
1 .  Animal Protein By-products: 
a. Fishery by-products (fish silage, shrimp meal, krill meal, squid meal) and 
b. Terrestrial animal by-products (poultry by-product meal, bone meal, hydrolyzed 
feather meal) 
2. Plant protein source. 
a. Oil seed plants (soybean meal, cottonseed meal/cake, other oil seed by-products 
(groundnut, sunflower, and rapeseeds) 
b. Aquatic plants 
c. Grain, legumes and plant protein concentrates 
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3. Stngle-cell proteins; group of microorganisms including unicellular algae funoj ...., , '=" 
bactena, cyanobacteria and yeast. 
1.2.2.  Animal By-products : 
Although animal by-products contain high crude protein contents, they are 
deficient in one or more of essential amino acids including lysine, methionine and 
isoleucine (Tacon, 1993). However, these imbalances can be overcome by mixing 
complementary protein by-products meals so as to obtain the desired essential amino acid 
profile (De Silva and Gunasekera, 1989). 
Many studies have investigated the use of animal by-products as FM replacers in 
tilapla feed. Davies et at. ( 1989) found that meat and bone meal (MBM) can replace 
fIshmeal in the diet of 0. niloticus up to 75 %. Meat and bone meal plus Bone meal (BM) 
in a ratio of 2:3 can replace FM up to 75 % for O. mossambicus fry. In fact, diets 
containing MBM or high MBMlBM ratios (3:1 and 2:3) were found to be superior to FM 
even at 100 % substitution level, while hydrolyzed feather meal (I-IF1'v1) was not 
recommended because it is deficient in some of the EAA. Tacon et al. (1983) found that 
MBM or MBM+BM can replace 50 % of FM when they were both supplemented with 
(Met) in diets containing 45 % crud protein fed to 0. niloticus fry. When 0. niloticus 
fIngerlings were fed BM at 10-50 % levels, the best level recommended was 10 % 
(Otubsin, 1987). Generally, 30-66 % HFM could replace FM in tilapia diets based on fish 
species, size, and culture conditions. Bishop et al. ( 1995) demonstrated that HFM could 
replace as much as 66 % of FM without significantly affecting the growth rates of 0. 
niloficltS fry. On the contrary, Tacon et aI., (1983) found that only 30 % ofHFM replace 
FM with no significant decrease in growth of 0. niloticus fry, while 0. niloticlts 
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fmgerlings showed no decrease in growth when HFM replaced 50 % of FM. Further 
increase in HFM caused a significant decrease in fish growth (Falaye, 1982). 
Dried poultry waste (DPW) could be used as another animal protein source for 
fish. Yousif and Alhadrami (1993) made up five isonitorgenous diets containing 35 % 
protein and composed of FM, DPW or mixture of the two, and fed them to 0. aureus fry 
and young. Maximum growth and feed utilization efficiency were obtained with FM 
diets, while over 5 % DPW markedly decreased growth and feed utilization. 
Rodriguez-Serna et al. (1996) used animal by product meals (ABM) as a 
substitute for fishmeal for Nile tilapia, fry. The best growth performance was obtained 
with FM-based diet, but the results were not statistically different from those obtained 
with 75 % and 100 % ABM v.rith soybean oil. A simple cost analysis suggested better 
economic efficiency when tilapia were fed with 100 % ABM It was concluded that 
animal by product meal can be used as a sole protein source in commercial diets for Nile 
tilapia fry, without affecting growth and food utilization of the fish. 
Belal et al. (1995) studied the use of chicken offal silage as a replacement for 
flShrnea� for O. nifoticus fingerlings. They found that chicken offal silage could make up 
as much as 20 % of 0. niloticus commercial feed as a replacement for fishmeal without 
any effect on growth or proximate body composition under the experimental conditions. 
EI-Sayed (1998) investigated the effects of total replacement of dietary fishmeal 
(FM) with animal protein sources on the growth, feed efficiency and profit indices of 0. 
niloticus. Shrimp meal (SM), Blood meal (BM), meat and bone meal (MBM), BM + 
MBM mix and poultry by product meal (PBM) replaced FM at a 100 % substitution 
level. The growth of fish fed SM, PBM and MBM was not significantly different from 
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those fed the FM based diet, while feed conversion and protein efficiency ratios were 
significantly retarded. Cost benefit analysis of the test diets indicated that these sources 
were economically superior to FM. The PBM-based diet produced higher carcass lipid 
than other diets. Fish fed SM, MBM and PBM diets had significantly higher as content. 
Fish silage is another FM replacer which has been successfully used as a protein 
source for tilapia. Fagbenro (1994) fed 0. niloticlls fmgerlings isocaioric, isonitrogenous 
diets containing fish silage as a supplement providing 50 % protein of the total in dry 
matter. The results indicated that fish fed fish silage diets showed similar growth as those 
fed the control FM diet. 
1 .2.3. Plant Protein Source : 
1.2.3.a. Oil Seed Meal : 
Soybean Meal : 
Soybean meal (SBM) is generally considered as one of the best readily available 
plant protein sources in tenus of its protein quality and essential amino acid profile. 
However, it contains a wide variety of endogenous anti-nutrients such as trypsin 
inhibitor, which require removal or inactivation through processing prior to its use in 
aquafeeds (Tacon, 1995). Many studies have been conducted using processed SBM as a 
FM replacer within tilapia feeds. These studies indicated that between 67 to 100 % of the 
dietary protein could be supplied in the form of SBM, depending on fish species and size, 
SBM source and processing method, and culture system (pantha, 1982; Tacon et aI., 
1983; Jackson et al.; 1982; Shiau et ai., 1989) . For example, solvent extract or full-fat 
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SBM, with or without Met supplementation successful ly replaced up to 75 % of FM 
with in diets fed to 0. niloticus (pantha, 1982; Tacon et ai., 1983), O. mossambicus 
(Jackson et aI., 1982), and ti lapia hybrids (Shiau et aI., 1989). Additional ly, Sh iau et a l .  
(1990) found that weight gain, feed conversion efficiency, protein efficiency ratio and 
protein digestibi l i ty of the hybrid (0. niloticlIs X 0. aureus) fi ngerlings fed d iets (24 % 
crude protein) in which 30 % of FM was replaced by defatted ful l-fat S BM were not 
s ignificantly different from those of fish fed the control FM diet. 
Cottonseed Meal : 
Cottonseed meal (CSM) is a good protein source as it contains 26-54 % protein 
depending on the processing method (F AO, 1983; NRC, 1983). It is a more controversial 
feedstuff, due to i ts content of gossypol ,  wh ich l imits its use. Gossypol is a yel low 
phenol ic compound found in the genus of cotton gossypium. It was found to inhibit 
d igestive enzymes and contain anti-oxidant, wh ich dtmin ished appetite in many terrestrial 
animals (Lovel l ,  1980; Jauncey and Ross, 1982). CSM contains low levels of Cys, Lys, 
and Met ( Jauncey and Ross, 1982). Dietary inclusion levels of 20-300/0 cottonseed meal 
have been found to be both safe and useful (Viola and Zohar, 1984; Ofojekwu and Ej ike, 
1984; Robenson et aI. , 1984; Jackson et aL, 1982; EI-Sayed, 1990). EI-Sayed ( 1987) 
found that T zillii efficiently util ize CSM as a protein source even at a 100% inclusion 
level On the contrary, 0. niloticus exhibited poor growth when fed on CSM-based diets 
( Ofojekwu and Ej ike, 1984 ) .  
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Other Oil Seed Meals: 
Jackson et at (1982) conducted a study on the potential use of copra, groundnut, 
sunflower, and rapeseed meals for 0. mossambiclls. They recommended levels higher 
than 30 % of these oilseed meals to be used in practical diets for tilapia. Fifteen % 
inclusion level of rapeseed in the diet of 0. mossambiclls, was found not to cause 
significant different than control diet (Davies et aI., 1990). The use of sesame seed was 
limited due to lack of zinc !Lysin in the diet of T. zillii. But, when zinc or lysine or both 
were added to the diet they met fish requirement (EI-Sayed, 1987). Recently Olevera­
No oa et al.(2002) found that sunflower seed meal is a suitable feed ingredient for tilapia 
(Tilapia rendalli). They recommended an inclusion level of up to 20 % of the dietary 
protein for best growth. 
Macadamia presscake, the by-product from oil extraction process of low-grade 
kernels of macadamia nuts, was found to be suitable as a dietary protein supplement for 
Nile tilapia, when incorporated at up to 50 % replacement for soybean protein. The 
quality of macadamia presscake in fish feeds may be limited due to the less-than-optimal 
amino acid balance in macadamia presscake protein (Balogun and Fagobenro, 1995). 
Palm kernel meal can be used at up to 60 % in the diet of Nile tilapia (Omoregi 
and Ogbemudia, 1993). Feeding Nile tilapia up to 35 % of palm kernel for 120 days did 
not adversely affect fish growth (Deoliveira et aI., 1997). 
Recently Hossain et al. (2002) found that the inclusion of up to 9.7 % of 
untreated Sesbania seed meal (Sesbania aculeate) (10 % of the dietary protein) in the diet 
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of ile tilapia did not affect the growth performance and nutrient utilization of the fish 
compared to the contro I diet. 
J .2 .3 .b. Grain, Legumes and Plant Protein :  
Olevera-Novoa et al. ( 1 990) found that alfalfa (Medicago sativa) can be used as a 
protein source for 0. mos amhiclIs, and it can be included at levels of up to 35 % of the 
dietary protein in feeds of tilapia. On the other hand, Yousif et al. ( 1 994) did not 
recommend the inclusion of dehydrated alfalfa and saltbush (Atrip/ex) in the diet of O. 
aureus. 
Leucaena leaf meal has been evaluated as a protein source for tilapia. Pantastico 
and Baldia (1979, 1980) reported improved growth of 0. niloticus and 0. mossambicus 
fed diets contain ing up to 1 00 % leucaena leaf meal. On the contrary, Jackson et al. 
(1982) and Wee and Wang (1987) found that levels exceeding 25 % in 30 % crude 
protein diets resulted in a significant reduction in growth and feed utilization efficiency 
of O. mossambicus and Nile tilapia fingerl ings, respectively. Similarly, the growth 
performance of Nile tilapia broodstock (Santiago et al. 1988) and the production of O. 
aureus fry (Badawy et aI., 1995) were retarded by increasing leucaena leaf meal in the 
diets above 40 and 15 %, respectively. Cooked or sun-dried leucaena leaf meal produced 
better growth of Nile tilapia than did sodium hydroxide treated or rumen liquor-incubated 
leucaena leaf meal (Osman et aI. ,  1996). 
It has been reported that plant sources may contain different antinutritional factors 
that adversely affect fish performance. For example, SBM is l imiting in sulfur containing 
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AA (Met, Lys, C ys) and contains protease ( trypsin) mhibitor, phytohaemagglutin in and 
anti -vitamins. Additional ly, CSM contains relatively low levels of eys, Lys, and Met in 
addition to its high content of gossypol (a phenolic antinutrient compound) (El-Sayed, 
1 999) . Francis et al .  (200 1 ) reviewed al l antinutritional factors present in p lant derived 
alternate fish feed ingredients and their effects on the fish. 
1 .2.3.c Aq uatic Plants: 
Some aquatic plants contain reasonable protein content, and therefore, could be 
used as a protein source in aquafeed. Santiago et al . ( 1 987) found that 0. niloticus fed 
diet contain ing up to 42 % of Azolla pinnata (a fresh water fern )  showed good growth. 
Growth was increased and FCR improved as the level of the dietary Azolla meal 
increased. Surv ival rates were also not affected by the levels of Azolla in the diets. 
Hassan and Edwards ( 1 992) found that fresh duckweed lemna perpusi/la was more 
suitable for Ni le ti lapia than spirodela polurrhiz and the optimal dai ly feeding rates were 
5 , 4 and 3 % of the total fish body weight on duckweed-dry-basis for fish of 25 to 44 g, 
45 to 74 g and 75 to 1 05 g in weight respectively. In spite of this, Fasakin et al .  ( 1 999) 
found that solar-dried duckweed (Spirodela polyrrhiza and L. schelden) can replace up to 
30 % of FM in practical diets of Ni le ti lapia, where they supported fish growth and were 
cost-effective. On the other hand, Almazan et a l .  ( 1 986), and E l-Sayed ( 1 992) reported 
extremely poor performance of 0. niloticus fi ngerl ing and adults respectively, when they 
fed Azolla p;nnata based diets. Simi lar results was found for 0. mossambicus and T. 
rendalli when fed Azolla microphyl/a (Micha et aI . ,  1 988). 
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1 .2.4. Single CeU Protein (SCP): 
Single cell protein (SCP) has been successfully used as a source of protein in 
aquafeeds. CPs are microorganisms including bacteria, yeast and microalge. Successful 
i�corporation of yeast and bacterial SCP into ftsh diets at replacement level of 25-50 % 
of FM has been reported (Andruetto et aI., 1 973 ; Beck et aI. ,  1 979; Mahnken et aI., 
1 980). Viola and Zohar ( 1 984) found that 50 % of the FM protein in diets for hybrid 
tilapia (0. niloticus X O. aureus) was successfully replaced by 'pruteen' which is a kind 
of bacterial SCPo Eurolysine fodder protein (EFP) is a commercial SCP obtained from the 
bacterium Micrococcus glufaminus, which is used in the industrial manufacture of L­
lysine HC!. Davies and Wareham ( 1 988) reported that up to 40 % of  the FM in a practical 
diet for tilapia (0. mossambicus) could be effectively replaced by EFP without a 
significant reduction in growth performance. Higher substitution levels (67 and 75 %) 
resulted in substantial reduction in growth rates. Similarly, poor feed conversion and net 
protein utilization were obtained at 1 5  and 20 % EFP levels. The authors concluded that 
these effects might have been due to several factors such as the deficiency of the l imiting 
essential amino acid as has been reported by Atack et al. ( 1 979) and Hilton ( 1 983). 
On the other hand, the microalge spil7'{lina spp. successful ly replaced 20 % of a 
commercial eel diet fed to 0. mossambicus without adversely affecting fish growth and 
appetite (Chow and Woo, 1 990). Furthermore, EI  Sayed ( 1 994) founded that up to 50 % 
FM protein could be successfully replaced by Spirulina meal in sea bream 
(Rhabdosargus sarba) diets. 
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2. Dietary Energy Requirements : 
Boonyartplin ( 1 978) found that energy, not protein, mfluence the food 
consumption by fish. In addition, wann water fishes utilize proteins, carbohydrates 
(sugar, dextrin and starches) and triglycerides effectively as energy sources. Unl ike other 
wann-blooded an imals, fish require less energy to synthesis protein (Lovell ,  1 979). This 
is because fish do not have to maintain a constant body temperature (NRC, 1 983) .  They 
exert less energy to maintain position and movement in water than terrestrial animals 
(Tucker, 1 969) and they excrete most of their nitrogenous wastes as ammonia ins tead of 
urea or uric acid, where l ittle energy is needed for ammonia synthesis (Smith et aI . ,  1 978 
a, b). 
The energy requirements of ti lapia have been extensively studied. These 
requ irements depend on fish species and s ize, energy source and culture conditions. 
Teshima et al. ( 1 978) and Mazid et aL ( 1 979) found that T zillii fingerl ings requi red 3 5 -
40% dietary protein and 3 5 00  kcal ME/kg for optimum growth. Smal l 0. au reus required 
56% protein and 4600 kcal DElkg, whi le larger fish required only 3 5% protein and 3200 
kcal DEikg for maximum growth (Winfree and Stickney, 1 98 1 ). E l-Sayed and Teshima 
( 1 992) found that a diet containing 45 % protein and 400 kcaVI OOg was requ ired for best 
growth and feed uti l ization efficiency of 0. niloticus fry. 
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2. 1. Energy Sources: 
2. 1 . 1 .  Lipids and Essential Fatty Acid Requirement:  
The l ipid requi rements of ti lapia have been investigated by a number of authors. 
Teshima et al . ( l 985a) found that 0 niloticlts fingerhngs required 1 8  % dietary l ipid for 
normal growth. However, in young red tilapia, dietary l ipid content of 24 % had a 
negative effect on growth, feed conversion, protein efficiency ratio (PER) and net protein 
uti l ization (De Si lva et aI . ,  1 99 1 ). EI  Dahher and Shazly ( 1 993) reported that a diet 
containing 5 % emulsified oil  gave the lowest mortality and highest growth , energy and 
protein retention and PER in Nile ti lapia, compared to higher dietary l ipid.  
Chou and Shain ( 1 996) found that the optimal lipid requirement for hybrid tilapia, 
j uveni le (0 niloticus X 0 aureus) to achieve maximal growth was about 1 2  %. 
Palm oi l  could replace soybean oi l  in feeds for 0 niloticus fingerlings without 
any negative effect on the fish growth body composition (Al-Owafeir and Belal, 1 996). 
2. 1.1 .a. Essential Fatty Acid ( E FA ) :  
A certain group of unsaturated fatty acids are important in fish nutrition. 
Therefore known as the essentia l fatty acids (EF As). L ike the essential amino acids, they 
cannot be synthesized by fish from other fatty acids, and must be supplied in the diet 
(NRC, 1 98 1 ). 
Information on l ipid and EFA requirements of ti lapia is not as complete as for 
coldwater fishes (Stickney and Hardy, 1 989). There is no doubt that essential fatty acids 
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are required, even though fat-free diets have occasional ly given similar growth as 
complete diets (Stickney and McGeachin, 1 983 ). 
Ti lapia are tropical, herbivorous fish which are able to tolerate full  strength 
seawater. Such unique aspect of tilapia in the ecological and physiological viewpoints 
assumes that their EFA requirements are probably different form other fishes (Kanazawa 
et a l .  1 980 b). 
Experiments on EF A requirements of fish have revealed a need for ro-6 or l inoleic 
series instead of the ro -3 fatty acids or the l inolenic series, which is required by warm­
blooded animals (Castel l  et aI . ,  1 972 ) and this is true for ti lapia. T zillii require either 
l inolenic acid ( 1 8 : 2  ro -6) or (22 :4 ro -6) (Kanazawa et aI . ,  1 980). Corn oi l ,  soybean oi l  
and safflower oi l  are also suitable l ipid sources for tilapia (Stickney and Hardy, 1 989; 
Takeuchi et al, 1 983 ). A dietary level of 1 % l inoleic acid ( 1 8 :2  ro-6) or archidonic acid 
(20:4 cO-6) was superior in supporting the growth of T zillii (Kanazawa et a I . ,  1 980; EI­
Sayed, 1 987) and 0. niloticus (Teshima et  aI . ,  1 982) than d ietary ro-3 FA's .  0. niloticus 
was also found to require about (0.5- 1 .0%) ro-6 FA's for max imum growth, while cO-3 
was not required by the fish (Teshima et aI . , 1 982; Takeuchi et aI . , 1 983 ). 
Studies conducted with blue t i lapia 0. aureus have demonstrated that these fish 
require relatively high levels of ro-6 FA's (Stickney et aI . ,  1 982; Stickney and 
McGeachin, 1 983) .  However, such requirements were reduced when low levels of ro-3 
F A's were added to the feed. In add ition, diets containing ro-3 FA's in the absence of ro-6 
FA's resu lted in poor growth rates (Stickney and McGeachin, 1 983). It is obvious 
therefore, that 00-3/ ro-6 ratio in ti lap ia feed plays a significant role in fish performance. It 
was found that the best growth of 0. aureus was obtained on a diet containing on ro-3 : ro-
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6 ratio of 1 : 7 .6 (Stickney et aI . ,  1 982). Viola and Amidan ( 1 980) found that the FA 
pattern in fish body reflected that some ti lapia species have the abi lity of elongation and 
de saturation of FA's. It was also found that T. zillii is capable of converting exogenous 
1 8 :3 00-3 to 20:5 00-3 and 22:6 6r3 (kanazawa et aI. , 1 980). 
2.1.2. Carbohydrates U tilization by Tilapia: 
The principle function of carbohydrate (CHO) is as an energy source. Although 
carbohydrates supply less energy per gram than either l ipids or protein, they are sti l l  the 
cheapest form of d ietary energy supply. They may consist of eas i ly digested sugars to 
complex cel lulose, which is  difficult to digest. CHO are not essential for some fishes and 
their absence dose not provoke any i l l  effects, as the fish are capable of synthesizing 
carbohydrates from d ietary l ipid sources, and they can apparently grow on diets devoid of 
carbohydrates (Cowey and Sargent, 1 974). 
Although carbohydrates are not essential in some fish feed, they provide several 
uses. ( 1 )  CRO are an immediate source of dietary energy (Buhler and Ralver, 1 96 1 ,  
Phi l l ips e t  aI. , 1 %6, 1 967); as energy reserve stored as glycogen i n  animal l ivers and 
muscles (Wendt, 1 964), (2) they form a long-term energy reserve when converted to fat 
in  the body, (3)  they can also be used as a precursor for various metabolic intermediates 
necessary for growth, i .e . ,  d ispensable amino acids and nucleic acids (NRC, 1 983), and 
(4) CROs not only lower the cost of the diets, but they aLso improve pel let binding of the 
fish feed. CereaL grain products are also used as ' fi l lers ' to complete feed formu la. 
Dioundick and Stom ( 1 990) found that the best growth rate, surviva� FeR and PER of 
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t i lapta were obtained with 2 . 5 -5 % supplemental fiber. They also found that ti lapia fed 
with 1 0  % cel lu lose-supplemented diets demonstrated depressed growth j ust as did fish 
fed the cel lu lose-free diet. 
Ti lapia, l ike other herbivorous SpecIes, can efficiently uti l ize dietary 
carbohydrate. They can uti l ize complex carbohydrates such as dextrin or starch more 
efficiently than simple sugars such as glucose (Shiau and Peng, 1 994). In herbivorous 
fishes, such as t i lapia, amylase occurs through the entire digestive tract. 
Chromium ch loride has been found to improve g lucose tolerance, increase the rate 
of l ipogenesis and affects glycogen accumulation in the presence of insu l in .  Chromium is 
considered to be a co-factor for insu l in activity and part of an organic g lucose tolerance 
factor (Shiau, 1 997). 
Sh iau and Lin ( 1 993)  conducted a study to investigate the effect of chromium in 
ti lapia, (0. niloticus x 0. aureus). The fish were fed diets containing glucose and starch 
as the carbohydrate sources. Weight gain, protein and energy deposition was sign ificantly 
higher in  fish fed the starch d iet than in  those fed the g lucose diet. Chromium 
suppLementation significantly increased the weight gain, energy deposition and liver 
glycogen content in fish fed glucose diet. Delayed p lasma glucose plateau and 
significantly higher body lipid content were observed in fish fed the glucose diet with 
chromium than in those without chromium supplementation. 
Digestibi l ity values as h igh as 75 % t079 % have been reported for wheat flour at 
a dietary level of 35 %, and 50 % to 56 % for potato starch at a dietary level as high as 85  
% (Barash, 1 983). Dried cassava (or  manioc or  tapioca); a starch-rich root, i s  also well 
uti l ized at dietary inclusion levels ranging from 30 % to 60 % (Wee and Ng, 1 986; Viola 
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et aL, 1 988). Anderson et aL ( 1 984) found that up to 40 % glucose, sucrose, dextrin could 
be efficiently uti lized by 0. niloticus, whi le fish fed cel lulose showed a progressive 
deterioration in growth as inclus ion level was increased. In addition, weight gain of 0. 
niloticus was improVed with the increase in digestible carbohydrate levels from 20 % to 
30 % (feshima et al . ,  1 985a). They added that increase in digestible carbohydrate levels 
from 30 % to 40 % did not result in a significant increase in weight gain. The authors 
concluded that the optimum growth was attained on a diet containing 30 % digestible 
carbohydrate when the dietary protein level was fixed at 35 %. 
Tilapia zillii were also found to uti l ize up to 40 % dietary carbohydrate without 
adverse effect on their performance (El- Sayed, 1 987). The performance of t ilapia was 
reported to decrease with increasing dietary cellulose levels, presumably due to their 
inab i l ity to secrete cel lulase (cel lulose d igesting enzyme) ( Anderson et aL , 1 984; Wang et 
at , 1 985;  Teshirna et aL, 1 987; El- Sayed, 1 99 1 ). 
The digestibil ity and uti lization of polysaccharides could be improved by 
cooking. Schmitz et aL ( 1 982) reported a significant increase in cornstarch d igestibi l i ty 
by E uropean eels when it was hydrothermal ly treated and gelatinized. Studies on rainbow 
trout have also demonstrated that cooked starch was better digested and assimilated than 
raw starch (Smith, 1 976). 
Belal ( 1 999) studied the possibi l ity of replacing dietary corn with barley seeds for 
N i le ti lapia feed. He found that barley can replace dietary corn up to 5 1  %, without any 
reduction in body moisture, crude protein and total ash .  
Sh iau and Chuang ( 1 995) studied the util ization of disaccharides by tilapia, 0. 
niloticus x 0. aureus and their effect on intestinal disaccharidase activities. Glucose and 
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starch were a lso included in the study for comparison. They found that weight gain of 
fish fed the different carbohydrates were as fol lows 
starch>maltose>sucrose>lactose>gl ucose. The differences between each group were 
s ignificant. They found that body l ipid content was highest in fish fed the starch d iet, 
fol lowed by those fed the maltose and sucrose diet. Intestinal d isaccharidase activities i n  
ti lapia was not affected by the carbohydrates ingested. Plas ma g lucose concentrations 
were s im i lar i n  fish fed the d isaccharide and starch diets and were lower than those in fLsh 
fed the g lucose diet .  TIle data suggest that ti lapia uti l ize d isaccharide's better than 
g lucose, but more poorly than starch.  Of the d isaccharide s, maltose was better uti l ized, 
fol lowed by sucrose and lactose. 
S h iau and Yu ( 1 999) e lucidated the effects of chitin on growth and nutrient 
digestibi l ity of juven ile hybrid ti lapia (0. niloticus x 0. aureus). Chitin is a polymer of 
g lucosamine, which is found in she l ls  or wal ls of invertebrates, fungi and yeast. It is the 
main component of crustacean, exoskeletons and is made up of calcium oxide and protein 
un its. Chitosan, an amiopolysaccharide, is prepared from shel lfish ch itin by treatment 
with alkal in e. Both are non-starch polysaccharides and are regarded as components of 
dietary fi ber. Significantly l ower body weight gains were observed in fish fed ch itin and 
chitosan containing d iets than fish fed the contro l diet regardless of the supplementation 
l evel .  The weight gain of fish decreased as d ietary chitin and chitosan increased. H igher 
weight gains were observed in fish fed 5 to 1 0  % chitin diets than fish fed the chi to san 
diets. Feed conversion ratio (FeR) fol lowed the same pattern. Lipids and dry matter 
digestibi l i ty were lower in fish fed the 1 0  % chiti n  d iet than in fish fed the control diet. 
Lower l ipid and dry matter digestib i l ity's  and lower body l ipid content were observed in 
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fish fed chitosan containing diets i rrespective of supplementation leveL F ish fed 2 to 5 % 
chitin diet had higher l ip id digestibil ity than fish fed chitosan d iet. Body l ipid content of 
the fish reflects the general pattern of the lipid digestibi l ity. This suggests that both chitin 
and chitosan supplementation depress ti lapia growth regardless of the supplementation 
level. 
2.2. Protein S paring Effect By Carbohydrates and Lipids: 
Protein Sparing Effect ( Action): is the replacement of protein energy by non­
protein energy to spare protein for growth. Carbohydrates and l ipids shou ld be used to 
meet the energy requirement, since they are less expensive than protein. Protein sparing 
effect by dietary carbohydrate is wel l  documented in t i lapias .  
Ti lapia have been reported to uti l ize dietary l ipid more efficiently than 
carbohydrates, and in tum, dietary l ip ids may spare more protein than carbohydrates for 
growth. Studies indicated that increasing d ietary oi l  up to 1 5  % resulted in a significant 
improvement in protein efficiency ratio and protein productive value for T Zillii 
(Teshima et a I . ,  1 978; EI-Sayed and Garl ing, 1 988). For 0. ni/oticus, up to 1 2% dietary 
l ip id provided sufficient energy for the fish and produced a protein-sparing effect without 
negatively affecti ng digestibi l ity (Lorico-Querijero and Chiu, 1 989). The protein-sparing 
capabi l ity increased with increasing d ietary l ipid content up to 1 8  % for red ti lapia 
fingerl ings (De Si lva et aI . ,  1 99 1 ). They added that an increase in dietary l ipids to 24 % 
had a negative effect on fish growth, feed conversion, protein efficiency ratio and net 
protein uti l ization. Al i and Al Asgah (200 1 ) found that the optimal dietary 
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carbohydratellipid ratio for a max lffi um growth performance of 0. ni/oticus ranges 
between 2.06 and 4.95. 
2.3. Protein-to-Energy Ratio (PIE Ratio): 
The d ietary protein should be util ized for fish growth rather than for energy 
supp ly. Knowledge of the optimal levels of l ipids and CHO's and their protein sparing 
effect can be used effectively in reducing feed costs. However, protein can be used as an 
energy source if dietary energy intake from carbohydrates or l ipid is inadequate (Cowey 
and Sargent, 1 972, 1 979; NRC, 1 98 1 ,  1 983 ). At h igh dietary protein levels, a proportion 
of th is protein wiJI  be delaminated and the carbon-skeleton burned as an energy source. 
Excessive energy intake at moderate protein levels wi l1 lead to fat deposition (Jauncey, 
1 982; NRC, 1 983 ). Thus the design of practical fish diets is a compromise among protein 
levels spared for growth with l ittle conversion to energy, and an energy level concomitant 
with h igh rates of protein synthesis, without producing excessive deposition of carcass 
l ipid. Therefore, the proper balance between dietary protein and energy (PIE ratio) is 
essential for the optimum use of fish feed. If the optimum PIE ratio is maintained in the 
diets, a proportion of dietary protein and energy can be spared as has been demonstrated 
by Garl ing and Wi lson ( 1 976) on channel catfish. 
The PIE reported ratio of tilapia has been extensively studied. It has been found 
that T. rillii fingerl ings fed semipurified isocaloric diets with different protein levels, 
required 35-40 % protein and 1 00- 1 1 4  rng crude proteinlkcal ME for maximum growth 
(Teshima et a I . ,  1 978; EI  Sayed 1 987). In the meantime, Kubaryk ( 1 980) reported that 
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small 0. niloticus grew maximally when the DEIP ratio was 8.3 kcal/g for 36 % protein 
diet. As DE content of the diet increased, food consumption decreased, while the amount 
of protein in the diet did not affect feed consumption. EI  Sayed and Teshima (1992) 
found that the best performance of 0. niloticus fry fed varying protein and energy levels 
was achieved at 45 % and 400 kca1l100g protein and energy, respectively, with a PIE 
ratio 110 mg cplkcal. However, Shiau and Huang (1990) demonstrated that the protein 
content can be lowered from 24 %, which is optimum for tilapia hybrid (0. niloticus X 0. 
aureus) under sea water conditions, to 21 % when the energy level of the feed was 
maintained at 310 kcal/100g diet with a PIE ratio of 67.7 rug cp/kcal. These studies 
demonstrated that over an appropriate range of dietary protein and energy, the diet with 
optimum PIE ratio, produced the best growth and feed utilization.  Furthermore, diets 
containing the same PIE ratio but differing in protein and energy contents produced 
different growth rates (Winfree and Stickney, 1981)' 
3. Vitamin Req uirements: 
Vitamins are organic compound that are required in minute amounts for normal 
growth, reproduction, health and general maintenance of fish metabolism. They are either 
not synthesized by the organisms or synthesized at rates insufficient to meet organisms' 
needs. Although, they form only a minute fraction of the diet and they are more catalytic 
in their fraction, they are critical for the maintenance of normal metabolic and 
physiological functions (NRC, 1983 ). 
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Vitamin requirements of fishes are well documented (NRC, 1 983). External 
vitamin sources must not be I ncluded in fish d iets, in extensive culture and low-density 
intensive cu lture, because natural foods are often abundant enough to provide essential 
vitamins. Vitamin requirements are affected by the size, age, and growth rate of fishes, 
nutrient inter-relationsh ips and environmental factors (NRC, 1 983 ). 
Vitamin requirements of t i lapia have been extensively studied. Stickney et ai . ,  
( 1 984) found that 0. aureus requires 50 mg/kg vitamin C for maximum growth, whi le 
(ower levels (25 mg/kg) produced patho logic changes including mild sco liosis and 
hemorrhage of fins, mouth and swim bladder. On the other hand, 0. niloticus fry, 
j uveni le and fingerl ings required 1 25 mg/lOO g d ietary v itamin C for optimum growth 
(Sol iman et ai . ,  1 986, Abdel Ghany, 1 996). Ascorbic acid deficient diets caused a 
reduction in weight gain, development of skeletal defoffilities, morbidity, hemorrhages 
and anorexia (Sol iman et a l . ,  1 994; Abdel Ghany, 1 996). In the case of 0. mossambiclIs, 
the absence of any detectable activity of the enzyme L-gulonolactonoxidase was 
suggested to indicate the essential i ty of L-ascorbic acid. Supplemental ascorbic acid in 
broodstock fish (0. mossambicus) feed improved hatchabi lity and fry condition (Sol iman 
et a1 . ,  1 985) .  Anadu et aI .  ( 1 990) studied growth responses of T Zillii fed diets 
containing various levels of ascorbic acid (AA) and cobalt ch loride (CC). The best 
growth, food conversion ratio (FCR), and protein efficiency ratio (PER) were obtained 
with feed contain ing AA. The group fed diets containing CC showed higher growth rates 
and PER than those fed the control diet. T Zillii fingerl ings showed better perfonnance in  
tenns of growth rate and food conversion ratio with diets contain ing vitamin C than those 
containing cobalt chloride. 
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It has been demonstrated that no dietary choline requirement could be establ ished 
(Roem et aI . ,  1 99 1 ). Furthermore, meth ionine sparing of chol ine was sufficient to satisfy 
the requirement Simi lar chol ine sparing by dietary methionine has been reported in 
channel catfish (Wi losn and Poe, 1 988). 
Soliman and Wilson ( 1 992 ) found that d ietary pantothenic acid requirement for 0. 
aureus was 1 0  mg of calcium d-patothenatelkg for optimum growth . Soliman and Wilson 
( 1 992) found also that 0. aureus require 6 mg riboflavin! kg diet for best growth. 
Roem et aL ( 1 990) found that v itamin E requirement of 0. aureus was estimated 
at 1 0  mg/kg diet at 3% dietary l ipid, and 25 mg/kg diet at 6 % dietary l ipid when the diets 
contained 1 20 mg/kg BRA (butylhydroxyan iso le) as antioxidant. Satoh et al .  ( 1 987) 
found that 0. niloticus fingerlings fed vitamin E-free diets showed no deficiency signs 
when dietary l ipid was low (5 %). When dietary l ip id level was increased to 1 0  and 1 5  %, 
fish fed vitamin E-free d iets showed poor growth and appetite. Such signs were reversed 
when 50mg/kg of a.-tocopherol were added to diet. It is suggested that vitamin E 
requirement shou ld be expressed as a function of dietary lipid levels . 
O'Connel l and Gatlin ( 1 994) found that Vitamin D3 was not required for t i lapia 
to util ize dietary calcium for growth and tissue mineral ization for fingerling blue ti lapia. 
4. M ineral Req uirements :  
Minerals are required by  a l l  animals, either i n  their elemental form or 
incorporated into specific compounds, for various biological functions such as the 
formation of skeletal tissue, respiration, digestion and osmoregulation . Fish require at 
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least 22 minerals, 7 major minerals (calcium, phosphorus, potassium, sodium, chlorine, 
magnesium, and sulfur) and 1 5  trace elements ( iron, zinc, copper, manganese, iodine, 
flu o nne, cobalt, molybdenum, selenium, chromium, n ickel, tin, s i l icon, vanadium, and 
arsenic) (NRC, 1 983). 
Mineral requirements of fish are difficult to determine because fish have the 
abil ity to absorb ions from the external environment (Lan, 1 979). It is difficult to 
formulate diets and maintain a cu lture environment free of minerals to conduct 
requirement or deficiency studies. Ion exchange across the gi l ls  and skin greatly 
compl icates the quantitative determination of mineral requirements (Lal l, 1 979). In 
addition, supplementation of d ietary minerals may not be necessary, except in the case of 
those that are required in relatively h igh concentrations, especially in fresh-water fish. 
A number of studies have been conducted on the requirements of ti lapia for 
certain minerals. Dietary calcium has effects on growth and mineral composition of blue 
t ilap ia (O'Connel l and Gatl in, 1 994). Calcium deficiency leads to a reduction of growth, 
feed efficiency, and bone mineralization (calcium, phosphorus, and total ash) in 0. 
aureus. The availab i l ity of dietary phosphorus (P) and calcium (Ca) to ti lapia depends on 
dietary P and Ca source and fish size. Robinson et a! .  (I 987) found that the best growth 
of O. aureus fed casein diets supplemented with graded levels of Ca and P was obtained 
at 0.7 % (7 glkg) dietary Ca, whi le  bone mineralization was not s ignificantly affected by 
dietary Ca. On the other hand, about 0.3 % (3 glkg) P supplementation was adequate for 
good growth, wh ile 0.5 % (5 g/kg) was required for normal bone mineralization. The 
requ irement for available phosphorus is about the same as those reported for other fish 
specIes. 
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Ishak and Dol lar ( 1 968) found that when 0. mossambicus reared in water 
containing 25 ppm manganese (Mn) were fed diets containing 2 .8  mg/kg manganese, 
they s uffered fonn poor growth, anorexia, loss of equi l ibrium and h igh mortal ity. 
Supplementing the diets with up to 35 mglkg manganese did not result in any 
improvement; while adding Mn to the water helped the fish overcome some of the 
deficiency s igns. Adding Mn to both the water and the diet gave the best results .  
E id  and Ghon im, ( 1 994) found that dietary zinc requirement of  0. niloticus 
fingerlings fed purified d iets was 30 mglkg dry d iet. Common zinc deficiency signs such 
as reduced growth rate and high mortal ity have been observed in rainbow trout, common 
carp and channel catfish, whereas a h igh incidence of cataracts has been associated with 
zinc deficiency in rainbow trout and carp (Ogino and Young, 1 978 and 1 979) 
5. Feeding Regimes :  
Lovell ( 1 995)  reported that ti lapia are frequent feeders because they have smal l, 
rudimentary stomach, which make them benefit form several feeding per day. Feeding 
regimes for tilapia in aquaculture can be classified into three main strategies for best 
growth and feed uti l ization, and they are as follows: 
1 .  Restricted feeding levels: in this strategy some percentage of fish body weight is 
given dai ly for fish (Kubryk, 1 980; De Si lva et al . ,  1 986; S iraj et al . ,  1 988). 
2. ad libitum: in this strategy feed is avai lable for fish al l  the time (Hargreaves et al . ,  
1 986). The disadvantage of this strategy is that some of the feed are wasted. 
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3. Satiation feeding: in th is strategy fish is fed with excess feed unti l satiated at 
frequent intervals (Balarin and Hatton, 1 979). 
The optimum growth of 0. niloticus was achieved at a frequency of four times per 
day (satiation), but when the fish were fed a restricted diet (3 % bw/day), the best 
perfonnance was achieved at one or two dai ly feedings ( De S ilva et ai . ,  1 986). On the 
contrary, Kubaryk ( 1 980) showed that food consumption and weight gain were maximal 
when Ni le ti lapia were fed to satiation four times daily, whi le fish fed two times dai ly 
gained less weight and fish fed eight times daily gained no more than those fed four 
times. On the other hand., Tesh ima et a I . ,  ( 1 987) found that weight gain of young 0. 
niloticus (0. 36 g) increased with the increase of feeding levels. They added that weight 
gain of the large fish was not significantly affected by feeding rate. Viola and Arieli 
( 1 983) examined the effects of feeding rate ( 1 . 5 %, 2.25 % and 3 % day) and protein 
level (25 % and 30 %) on the perfonnance of adult O. niloticus ( 1 20 g). They concluded 
that optimum perfonnance was obtained at 2 .25 % level .  On the other hand, feeding rates 
of 30  % to 45 % BW/day were adequate for rearing 0. niloticus fry using exclusively a 
fonnulated dry diet containing 3 5  % cp (Santiago et at, 1 987; E I-Sayed, 2002 a). This is 
near the estimated dai ly rate of 20 % to 30 % reported by Melard and Phi l ippart ( 1 980) 
for 0. niloticus (0 .5 g). 
SUIvival rate and growth of 0. mossambicus fry and (0. niloticus X 0. aureus) 
hybrids was improved as feeding rate increased, i rrespective of the stocking density 
(Macintosh and De Si lva, 1 984). 
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6. Exogenous Enzy mes: 
E ogenous Enzymes have been developed to target anti-nutritive factors as non­
digestible fiber that impeded the digestion and adsorption of nutrients from the animal 's  
diet by reducing the gut viscosity or by releasing nutrients. They have the ability to 
increase digestibility of nutrients, l eading to greater efficiency in production and 
reproduction (Chesson, 1 993). 
Exogenous enzymes added to animal feed include the fol lowing enzymes 
(www.biocon.com): 
1 .  Amylase: It is widely used as a fungal a-amylase which helps in the digestion of 
starch and can readily hydrolyze starch molecules into smal ler oligosaccharides 
and eventual ly  into glucose and mal tose. It functions in upper digestive tract to 
correct incomplete starch digestion. Alpha-amylase breaks down a-glycosidic 
bonds inside the starch molecules. 
2. Protease: It helps in the availability of low grade proteins releasing readily 
digestib le peptides and easily absorbed amino acids. Protease increases digestive 
capacity of animals and birds and also ensures availability of adequate nutrient 
supply  for better growth and performance. 
3 .  fl-Glucanase: I t  digests high molecular weight �-glucanase in grain and cereal 
based feeds and can be used in the treatment of endosperm cel l wal ls which 
contains about 70 % f3-glucanase. Addition of �-glucanase to grain based feed 
offers solution to many problems associated with �-glucanase. 
4. Cellulase: The use of cel lu lase enzyme in animal feed industry is to degrade 
cel lulose. Cel lulose is a major component of cereal cel l wal ls. Cel lulase enzyme 
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catalyses the hydrolytic break down of cellulose. It degrades mainly fiber 
components in the intestinal tract 
5 .  HemiceUulase: It has the abil ity to  degrade various p lant fibrous materials, to 
facil itate extractions, improve separations, reduce viscosity and modify or 
completely hydro lyse cellu lose. It degrades fiber components in intestinal tract. 
6. Lipases: They are usefu l in feed for the improvement of fat digestion . 
7. Xylanase: It digests high molecular weight arabinoxylans in animal feeds and can 
be used in the treatment of endospenn cell wal ls of feed grains and vegetable 
proteins . Addition of xylanase to feed offers solution to many problems 
associated with arabinoxylans. It functions through the gastro-intestinal tract to 
reduce intestinal viscosity and degrades cereal cel l  wal ls .  Xylanase- endo-enzyme 
which specificaUy catalyses the hydrolytic break down of xylan (split P- I ,4-bonds 
between xylose molecule). 
Exogenous enzymes have been widely used in animal feeds, with varying results. 
Medel et al .  (2002) found that heat processing of barley improved piglet growth during 
the first 1 4  days of weaning and increased apparent digestibi l i ty of starch. However, 
enzyme supplementation had no effect on the performance of piglets, but improved the 
overal l  digestibi l i ty of barley diets of growing pigs (Yin et aI . ,  2000). It has also been 
found that supplementing piglets feed with NSP (Non-starch polysaccharides) degrading 
enzymes enhanced the feed conversion efficiency (Gi l l  et aI., 2000). 
On the other hand, Viverso et a! . ( 1  994) found that the addition of enzyme to heated 
or non-heated barley diet of broi lers, had a posi tive effect on performance and 
d igestibil ity of nutrients. Simi larly, inclusion of enzymes with cereals diets improved 
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feed efficiency and weight gain of broi lers (Flores et at . ,  1 994)' Although enzyme has no 
effect on p ig lets growth (Valaja et aI . ,  1 998), supp lementation of microbial phytase 
improved d igestib i l ity of nitrogen, amino acid, starch and lipids, with these 
improvements being eventually reflected in enhancements in d igestible energy and 
apparent metabol izable energy (Camden et aL ,  200 1 ). Dietary supplementation of f3-
glucanase up to 250 g/kg of barley not only enhanced body weight gains of growing 
broi ler, but a lso improved the live weight of six-week old broi lers (Yu et aI., 1 998; 
Steenfeldt et aI . ,  1 998). Xylanase supplementation was also studied for ch icken (Hew et 
aI . ,  1 998). When the enzymes are properly used, they can produce significant 
improvements in chick performance and can reduce the excretion of undigested nutrients 
(Marguardt et aI . ,  1 996). 
The use of Exogenous enzymes in aquafeed is a new trend in aquacultu re nutri tion. 
Very few studies have been conducted in this regard. Divakaran and Velasco ( 1 999) 
studied the effect of proteolytic enzyme addition to a practical feed on growth of the 
pacific white shrimp, Litopenaeus vannamei. Although in vitro digestibi l ity indicted the 
presence of active enzymes in feed, the feeding trial revealed that shrimp growth was not 
enhanced by the incJusion of proteases in the feed. EI Dahher ( 1 999) studied the effect of 
heat-treated feed and exogenous zymogen on survival and growth of grey mul let, Liza 
ramada, larvae. He found that growth rate was increased with the increase in the 
incJusion of exogenous zymogen, suggesting that it could be used as a source of digestive 
enzymes by the larvae. 
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7. Date By-products as Feed I ngredients :  
Date palm tree is one of the most wide spread cultivated trees i n  the world. It has 
been cu ltivated as early as 4000 B.C. (F AO, 1 999). Pheonix dactylifera L. is the date 
palm tree of arid and semi-arid region in North Africa and Arabian countries . It always 
influences human life in these areas. Date palm also has an environmental impact in 
desert cl imate (Ahmed et at . ,  1 995). Table 5 contains major countries in date production. 
Although date fruit provides a concentrated energy food, several elements are 
missing for complete nutrition. When these elements are supplied by other available 
foods the resulting uniquely s imple d iet becomes sustaining (Lambiote, 1 982). Average 
chemical compos ition of ripe date is given in table 6. Sawaya et a t .  ( 1 983)  studied the 
phys ical measurement, proximate analysis and chemical composition of 25 date cultivars 
grown in Saudi Arabia at the Khalal (mature color) and tamer stages. They found that 
there is low percentage of fat and n itrogen in both stages of development, a h igh fiber 
content and proper amount of ash .  Levels of fat, nitrogen and fiber are reduced from the 
stage of khalal  to the stage of tamer, whi le  ash stayed constant in both stages. Proximate 
analysis of minerals showed high concentration of potassium, low concentration of 
sodium and fair amounts of calcium, phosphorus and magnesium. The micro-nutrient 
content revealed fair levels of ferrous, cupper, zinc, and traces of Manganese. Changes 
form khaJal to tamer stage coop the reduction in al l  minerals of al l  k inds of cultivars. 
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Table 5:  Major date palm producel'S in 2001 ( FAO, 2002): 
Countries Production (MT) 
Egypt 1 , 1 02,350 
I ran Islamic Republ ic 900,000 
Saudi Arabia 7 1 2,000 
Pak istan 550,000 
Iraq 400,000 
Algeria 3 70,000 
United Arab Emirates 3 1 8,000 
Table 6: Average compos ition of ripe date ( Lambiote, 1983): 
Component % 
Fiber 1 0  
Protein 1 .9 
Water 1 3 . 8  
Lipid 2 5  
Carbohydrate 70.6 
Ash 1 .2 
Vitamins and minerals Variable 
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7. 1 .  Date pits (pips, stones, kernels, or seeds): 
As mentioned earl ier, U AE is considered one of the leading countries in date 
production. Date production was doubled since the year 200 1 ,  and was increased from 
about 300,000 tons year 200 1 to about 700,000 tones in the year 2002 (MAF, 2002). Date 
pits is the major by-product of date fruit. The average weight of date pits ranges between 
1 3 - 1 5% of the date's weight (Hussein et a l . ,  1 998). Th is makes date pits production 
around 1 00,000 tons in the year 2002 (% date pit weight X date production / ] 00). 
Chemical composition of date pits is given in table 7. 
Because of the high amount of nitrogen free extract (NFE) in date pits, many 
researchers have focused on using date pits in animal feed . About 55-73 % of NFE in the 
date pits is main ly starch (AI-Azzawi, 1 960; Rashid and Alwash, 1 976; AI Asgah, 1 987; 
Yousif et a1. , 1 996; H ussein et al , 1 998; and Ali et aI . ,  1 999). Several studies have 
investigated the use of date pits in animal nutrition (Jumah et aL , 1 973 ; Kamel et aL, 
1 98 1 ;  AI-Asgah, 1 987; Vandepopul iere et aL,  1 995;  and Yousif et a1 . ,  1 996). 
Rashid and Alwash ( 1 976) found that the inclus ion of date pits in the diet of sheep 
may increase body weight gain, improve feed efficiency and enhance meat palatabil ity. 
S imi larly, E lgasim et al. ( 1 995) reported that date flesh and date pits were effective in 
increasing body weight gain and deposition of back fat of sheep. AI-Kinani and A1wash 
( I  975) fed date pits to Awassi sheep. They found that the gain  in weight was h igher for 
sheep groups fed large proportions of date pits. Shakir et al .  ( 1 969 a) used concentrated 
mixtures based on date pits but supplemented with high protein meal for feeding Awassi 
lamb. The concentrate mixtures containing 0 %, 40 % and 80 % date pits were given with 
green alfalfa as forage. The result of that study showed that the growth of Awassi lamb 
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i ncreased with the increase of date pits level in the diet. The addition of 1 4% powdered 
date pits also sign ificantly increased the body weight of rats (Al i  et al . ,  1 999). 
Table 7: Ave."3ge chemical com position of date pits ( FAO, 1999): 
Compound % 
Fiber 1 0-20 
Protein 5-7 
Water 5 - 1 0 
Lipid 7- 1 0  
Carbohydrate 5 5 -65 
Ash 1 -2 
Vitamins and minerals Variable 
Hussein et al . ( 1 998) reported that the use of date pits in broi ler starter and 
fin isher diets improved body weight of chicks, total body weight gain and the efficiency 
of feed uti l ization. Simi larly, AJ-Azzawi ( 1 960) reported significant improvement in the 
nutri tional qual ity of barley based diet substituted by 1 5% date pits, and fed to poul try . I n  
contrast, Jumah et a1 . ( 1 973 ), reported that broi ler diet supplemented with ground date 
pits at l evel of 1 5  % resul ted in a significant depression in the final body weight and 
growth. In addition, Kamel et a1. ( 1 98 1 ) conducted two experiments to investigate the 
feeding values of date pits and whole dates for broi ler chicks. In the first experiment date 
pits were included in diets at 5, 1 0, and 1 5  % replacing wheat-bran and com with and 
without z inc (50 ppm) supplementation . In the second experiment whole date were 
included in four  diets at 0, 1 0, 1 5  and 47.7 % replacing com as an energy source. Their 
results indicated that date and date pits supported chick growth as efficiently as the 
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control diets, except the incorporation of 47.7 % of who le dates resulted in some growth 
depression and a sl ight decrease in feed util ization. S im i lar results were reported by 
Vandepopul ieve et a l .  ( 1 995). Those authors found that 8 to 43 % whole dates, 1 6  to 43 
% date meat and 5 to 27 % date pits supported broi ler and quai l  weights and feed 
conversions. The quai l  breeder diet had ingredient ranges of 1 0  to 30 % date, 8 to 24 % 
date meat and 5 to 1 5  % date pits. However for the quai l  breeder, there was a decrease in 
feed consumption at 30 % date level, which resulted in decreased weight gain.  
El  Hag and El  Khanjari (2000) evaluated the feeding value of both dates and their 
by-products ( leaves and pips) and sardines as protein supplements for growing calves and 
goats. They found that these locally avai lable and cheap agro-industrial by products could 
be used for feeding ruminants in the Sultanate of Oman. 
7.2. Pretreat ments : 
Date palm by-products have been treated to improve their quality. Al-Y ousef et 
al .  ( 1 996), found that the ammonia treated date palm leaves and wheat straw were 
palatable enough to be fed on their own to sheep without any supplementation. However, 
Al i et al . ( 1 999) removed the fibrous coat of the pits by soaking them in 70 % H2S04 for 
30 min. They found that treated pits did not improve body weight of rats. 
8. The use of date by prod ucts in fish feeds :  
Few studies have cons idered date by-products as fish feed ingredients with 
varying results. Al Asgah ( 1 987) studied the possible replacement of date pits for wheat 
bran-barley mixt ure in carp feed. He found that partial replacement of up to 75 % 
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I mproved carp growth. On the other hand, Omar and Nour ( 1 993 )  found that feed and 
nutrient uti l ization of ti lapia fed on diets containing d ifferent varieties of i mmature date 
fruit droppings were simi lar to corn grain d iet Moreover, Yousif et a i . ,  ( 1 996) attempted 
to study the potentia l  of dates and date pits as dietary carbohydrate sources for ti lapia 
(Oreochromis aureus). They reported that dates are not recommended as a carbohydrate 
source in ti lapia diets as they are a lmost entirely simple sugars. The most important 
conc lusion of their study is that date pits cou ld be incorporated in fish diets as a natural 
repartition ing agent for obtaining less fatty fish. Simi larly, Belal and A l-Jasser ( 1 997) 
determined the effects of replacing dietary starch with pitted date fruit ( 1 5, 30 and 45 %)  
i n  N i le  ti lapia feed. They found that weight gain, feed conversion, specific growth rate 
and protein efficiency ratio were improved with increasing date fruit up to 45 % of the 
feed as compared with the starch diet (0 % date diet). The diet containing 30 % date was 
superior to a l l  other test diets. Body moisture crude protein and total ash were gradual ly 
increased as the level of date in the feeds was increased, whi le body l ipids were reduced. 
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�ateriars and 
�etliods 
Materials and M ethods 
The present study was carried out at Arid-Land AgricuLture Department, Col lege of 
Food System, UAE University, at A1 Ain city (Figure 1 and 2) are in two consecutive 
experiments as fol lows: 
1 )  The first experiment was designed to evaluate date by-products (date pits) as an 
energy source for two d ifferent sizes of NiLe TiLapia (10 and 50g average weight). 
2) The second experiment was conducted to study the effect of acid treatment and 
supplementation of exogenous enzyme, on the quality of date pits for Nile tilapia. 
Cul ture Facility :  
The present study was conducted in a closed, recirculating system (figure 3) .  The 
system consisted of 70 L fi berglass tanks. Each tank was connected to a central standpipe 
surrounded by an external pipe (sleeve), perforated at the bottom to allow self-cleaning of 
the tank. 
Dechlorinated tap water was used throughout the study. Water was suppl ied by 
nozzles, which were placed at certain angles to enhance water circulation in the tanks. 
Continuous water circulation was necessary for tank self-cleaning. Each tank was also 
provided with an air stone. Drainage water from all tanks was col lected into a settling 
reservoir, where feces and other particulate wastes were removed by siphoning. Water 
was then passed through a series of tanks containing biological fi ltration media made up 
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from many pLastic tubes. After fi L tration, the water was pumped up into a head tank (1000 
l iter) using 1 .5 horse power pump and passed through ultraviolet source (Aquafine, 0.67 
Amp. ,  model l ,  MP-2-SL) for steri lization and microbial d isinfections. Water was then 
distributed to culture tanks by gravity at a flow rate 4 Lim in. Water temperature was 
maintained at 27°C (± 2°e) through central thermostat. 
Fish: 
Nile tilapia (Oreochromi.s niloticus Linnaeus, 1 757) used in these studies was 
reproduced. The aquaculture facility, Col lege of Food Systems, UAE University, but the 
original stock was obtained from Saudi Arabia (figure 4). Fish were col lected using hand 
net. After col lection, fish were placed in plastic containers to select the proper size. The 
fish were counted and weighed col lectively to the nearest g and the average initial weight 
(g/fish) was calculated. Average fish weight was calculated by dividing total fish weight 
by the number of fish in each aquarium. The fish were placed in rearing tanks having 
proper water flow (4 L/min) and aeration. Each tank was covered with plastic sheet to 
prevent fish from jumping. 
Two initial fish sizes were used in the experiment number one; fingerlings ( l Og 
average initial weight) and adults (50g average initial weight). The fish fi ngerlings were 
stocked in the culture tanks (70 L capacity) at 1 5  fish/tank, while the juveniles were 
stocked at 1 0  fish/tank. 
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Figure 1 and 2: An overview or the rub lab in the college of Food System and Arid 
land Agriculture in UAE Uoivenity, AI AiD. 
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F.gon 3: Culture system used in the present study. 
Figure 4: Picture of Nile tilapia. 
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Date Pits: 
Date pits were obta ined from EI Saad Date Factory in Al Ain. Two types of date 
pits were brought from the mctory, full date stones and medium crushed stones. Ful l  
stone were soaked in 70% H2S04 for 30 min, fol lowed by washing with a continuous jet 
of tap water for about 1 0  min, during which the date pits were hand rubbed against each 
other to remove the softened coats. Final ly the resulting endospenns were finely ground 
and used in the second experiment. Date stones were finely crushed using feed grinder in 
the experimental farm Col lege of Food Systems, UAE University at Al aha. After 
grinding, date stones were s ieved (in 0.85 � m) and stored in labeled containers unt i l  used.  
The chemical composition of untreated date pits are given in  table 8.  
Table 8: ChemicaJ composition of Date pits used in the experiments. 
Component % 
Dry Matter 94.6 
Protein 6.7 
Lipids 1 2. 1  
Fiber 1 0 .42 
Ash 1 .0 
NEF 69.8 
GE (kcaVI OOg) 439 
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Experi mental Diets : 
Fi e isonitrogenous (35  % crude protein), isoca loric (450 kcal GEl} OOg) practical 
diets were prepared. Date pits rep laced wheat bran in the test diets at 0, 25, 50, 75 and 
1 00 % substitution levels in the first experiment (table 9). In the second experiment:, 
eight ison itrogenous (3 5 % crude protein), isocaloric (450 kcal GEI1 OOg) practicaJ diets 
were prepared. Date pits rep laced wheat bran at 25 and 50 % levels (D2 and D3), whi le 
acid-treated date pits were included in d iets D4 and D5 . Supplemental exogenous enzyme 
was added to d iets D6 and D7 at 1 glkg. In D8, acid treated date pits and exogenous 
enzyme supplementation were adopted (table 1 0). Exogenous enzyme ( Kemzyme H F  
dry) was obtained from Kemin, Europa N . V . ,  Industry zone, Wolfstee, Toekomstlaan 42, 
2200, Herentals, Belgium ( www.kemin.com). 
Gross energies (GE) of the test diets were calcu lated based on 5 .65, 4 . 1 and 9. 5 
kcaJ/g of protein, carbohydrate and l ipid, respectiveJy. Proximate analysis of the test diets 
was performed as d iscussed in AOAC ( I  994) to verify thei r protein and energy contents. 
Viets Preparation: 
Test diets used in the present study were prepared as fol lows: 
1 .  Dry ingredients (FM, Wheat bran, Date pits ) were finely ground, s ieved and 
weighed separately. 
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Table 9 :  Composition and proximate analysis in a d ry base of the test d iets fed to 
Nile tilapia in the first experiment 
Ingredient (%) D I  D2 D3 D4 D5 
Control (25%) (5 COlo ) (75%) ( 1 0COIo) 
Fish meal 38.0 40.0 4 1 .0 42.0 43.0 
Wheat bran 52.5 38 . 5 25 .5  1 2. 5  0.0 
Date pits 0.0 1 3 .0 26.0 39.0 50.5 
Soybean oi l 5 .0 4.0 3.0 2.0 2.0 
(Vit + Min. 3 .0 3 .0 3 .0 3 .0  3 .0  
Mixi 
B inder (CMCf 1 .0 1 .0 1 .0 1 .0 1 .0 
Cr203 0.5 0.5 0.5 0 .5 0 .5  
Proximate Analysis 
Protein 38.6 39.3 37.8 37 .7 36.9 
Lipids l OA 1 0. 7  1 0. 7  1 0 . 5  9A 
Fiber 4A 5 .7 4 .3 5 .2  5A 
Ash 8.9 8 .9 8.6 8 .2 8 . 1 
NFE3 37.8 3 5 A  38.7 38.5 40.3 
GE (kcal/l 00g)4 47 1 .9 469.0 473 .9 470.6 463 .0 
1 .  Vitamins and Minerals (FARVET, B ladel Hol land). Vitamin mix (per kg of 
feed) :  A, 1 0  000 ill; D, 1 500 ill; E, 200 ill; C, 300 mg; K, 6 mg; B2, 20 mg; 
B 1 2, 0.05 rng; n iacin, 200 mg; fol ic acid, 4 rng; pantothenic acid, 25 rng; biotin, 
1 mg; antioxidant, 1 00mg. Mineral mix (p .p .m):  cobalt, 1 ;  copper, 5 ;  iron , 20; 
manganese 75; selen ium, 0. 1 ;  zinc, 1 50. 
2. CarboxymethylceUulase 
3 .  Nitrogen free extract; determined by difference ( 1 00 - (protein + l ipid + Ash )  
4 .  Gross Energy: Calcu lated based on 5.65, 4. 1 and 9 . 5  for protein, carbohydrates 
and l ipids, respectively. 
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Table 1 0 :  Composition and proximate analysis 011 a d ry base of tbe test d iets fed to 
Nile tilapia in the second experiment 
I ngred ienfllo D l  D2 D3 D4 D5 D6 D7 D8 
Control (25%) (50%) (25%) (50010) (25%) (50%) (50%) 
Fish meal 38 . 5  40.0 4 1 .0 40.0 4 1 .0 40.0 4 1 .0 4 1 .0 
Wheat bran 52.0 38 .5  25 .5  38 .5  25 .5  38 .5  25.5 25.5 
Date pits 0.0 1 3 .0 26.0 1 3 .0 26.0 1 3 .0 26.0 26.0 
Soybean oil  5 .0 4.0 3 .0 4.0 3.0 4.0 3 .0  3 .0  
(Vit + Min 3 .0 3 . 0  3 .0 3 .0 3 .0 3 .0 3 .0  3 .0 
M ixi 
B inder LO 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0 
(CMC)2 
I 0.5 Cr203 0.5 0.5 0.5 0.5 0. 5 0.5 0. 5 
Acid treated Yes Yes Yes 
Enzyme 0.00 1  0.00 1  0.00 1 
Proximal Analysis 
Protein 36.85 37.8 37. 1 37.4 36.6 37.8 37.0 34.7 
Lipids 1 0.97 1 0.4 1 0. 2  1 0.7 1 0 .3 1 1 . 1  1 0.9 ] 0.6 
Ash 8 .2 1  7.9 7.4 7.8 7. 7 7.6 7.2 7. 1 
Fiber 5 .93 6.2 7.0 5 .9 7.0 6.9 7.5 7.8 
NFE3 3 8.04 37.7 38 .3  38 .2 38 .4 36.6 37 .4 39.8 
GE 468.4 467.3 463 . 5  465 .4 462 . 1  469.5 466.5 456.8 
KcaJll OOg 
1 .  Vitamins and Minerals (FARVET, B ladel, Hol land). Vitamin mix (per kg of 
feed):  A, 1 0  000 ill; D, 1 500 ill ; E, 200 ill; C, 300 mg; K, 6 mg; B2, 20 mg; 
B 1 2  0.05mg; n iacin, 200 mg; fol ic acid, 4 mg; pantothenic acid, 25 mg; biotin, 
I mg; antioxidant, 1 00mg. Mineral mix (p.p.m):  cobal t, 1 ;  copper, 5 ;  iron, 20; 
manganese, 75; selenium, 0. 1 ;  zinc, 1 50.  
2 .  Carboxymethylce llulase 
3 .  Nitrogen free extract; determined by difference ( 1 00 - (protein + l ipid + Ash )  
4. Gross Energy : Calcu lated based on 5.65, 4. 1 and 9.5 for protein, carbohydrates 
and lipids, respectively. 
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2. Dry, weighed ingredients were mechan ical ly mixed together in  a kitchen m ixer 
(to assure the homogeneity of ingredients). 
3 .  Com oil  was added to the mixture few drops at a time with continuous mixing. 
4. Warm tap water was added gradual ly unti l the diet was molded into smal l  bal ls .  
5 .  The d iet was passed through a commercial meat grinder to form spaghetti l ike 
threads. 
6. The diet was spread on a metal plate and left to dry using cold air coming from an 
air cond ition, for 48 hours. 
7. Dried diet was chopped into pel lets, which were sieved through standard sieves to 
separate pellets into the appropriate s ize required for the fish (smal ler pel lets ( 1 . 7 
mm) for smal ler fish and larger pellets (3 mm) for larger fish). 
8.  The diets were stored in labeled plastic bags and stored in the freezer at -200 C 
unti l used. 
Feeding Regimes: 
The fish were fed the test diets for a one-week conditioning period to adapt them 
to these test diets. After the conditioning period was completed, fish in each tank were 
reweighed, and their in itial weights were recorded. 
The d iets were fed to the two s ized fish, two times a day at 8:00-9:00 am and 
1 5  :00- 1 6:00 pm, 6 days a week" at a daily rate of 5% of the body weight, for 70 days, 
from 25 November, 2000 and to the 3rd of February, 2001 in the first e>--'Periment. The 
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second experiment lasted for 88 days (from 2200 of J uly and ended on the 1 1  tb of October 
200 1 ) during which the fish were fed 4 % of their body weight/day, reduced to 3 % 
beginh of the second month. F ishes were weighed every 1 0  days, and the amount of feed 
offered readjusted accordingly. 
Data Collection and Sam ple Analysis : 
At the end of each experiment, a l l  fish in each aquarium were netted, counted, 
weighed and the avemge final weight (glfish) was calculated. The fish were stored in 
labeled plastic bags and frozen for final body compos ition analys is. I ni tial body analysis 
was done on a sample of fish,  which was frozen prior to each experiment. 
Proximate Analysis: 
Proximate composition of dry matter, crude protein, l ipid, fat, ash and energy 
content were deierrnilled on ihe diet and fish (AOAC, 1 994). 
a. Water Content :  
Water detemlination was accompl ished b y  drying a pre-weighed sample at 60° C 
for 24 hours, and the difference between the f mal and init ia l  weight represented water 
content: 
% Water = 1 00 (Weight of water / weight of wet sample) 
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b. Protein : 
The protein content (on dry weight basis) was determined as total nitrogen content 
using the micro kjeldah l method. Protein content was calculated by mu ltiplying total 
nitrogen by 6.25.  
% Protein = % nitrogen X 6. 25 
c. Li pids: 
Total l ipids were determined using the Soxh let method and diethyl ether was used 
as an organic solvent. 
% Lipid = 1 00 (Weight of l ipid / weight of dry sample) 
d. Ash :  
Total ash was determined by ashing a pre-weighed dry sample in a porcelain 
crucible at 5000 C in a furnace for about 5 hours. The difference between final and initial 
weight equaled the ash content. 
% Ash = 1 00 (Weight of ash! weight of dry samp le) 
e. Fiber content : 
Crude fiber was determined by consecutive treatments with sulphuric acid 
(H2S04, 1 2 .5 gil) and potassium hydroxide (KOH, 1 2  gil) . 
% Crude fiber = (weight of crude fiber/weight of sample) X 1 00 
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Calculation of Fish Performance: 
a. Growth Rate:  
• A erage dai ly gain (ADG) = (Wz-W)rlt 
• % Weight gain = 1 00  «(W2-WI )1W 1 )  
• Specific Growth Rate (% SGR) = 1 00 ( lo&: Wz- I o8e WI )/t 
Where: 
W j :  in itial weight (g) 
\V2: final  weight (g) 
t: time (days of experiment) 
b. Feed Utilization Efficiency: 
• Feed convers ion ratio (FCR) = dry feed intake (g) / fish l ive weight gain 
(g) 
• Protein efficiency ratio ( PER)  = fish weight gain (g) / protein intake (g) 
• Protein production value (PPV) = 1 00 (Protein gain (g)/ protein fed (g» 
• Net energy retention (NER) = 1 00  (Energy gain (kcal )/ energy fed (kcal» 
ST A TISTICA L  A N A LYSIS:  
To test the effects of  date pits levels and fish s ize on  the performance of fish i n  
the first experiment and to test the effect of date pits levels and treatments on fish 
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perfonnance in the second experiments, s imple l inear and non- l inear regressions were 
perfonned to correlate the obtained results.  One-way and tow-way analysis of variance 
( ANO A) were perfonned using the method of Tuky (Tuky, 1 95 3 ), to lest the effect of 
date pits inclusion levels and treatments on fish performance. 
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�sufts 
Resu l ts 
1 .  Ex periment I :  
This experiment was conducted to detennine the effects of date pits inclusion in 
the diet on the perfonnance of two different s izes of Nile ti lapia; fmgerl ings ( 1 0  g) adults 
and (50 g). The fish were fed practical diets containing varying date pits levels as shown 
in table 8. 
Finger lin gs : 
The growth rates including average dai ly gain (ADG), % weight gain and specific 
growth rate (% SGR), and feed uti l ization efficiency including feed conversion ratio 
(FeR), Protein efficiency ratio (PER), protein productive val ue (pPV) and net energy 
retention (NER) of the fish fingerl ings fed the test diets are summarized in table 1 1  and 
graphical ly represented in figures 5- 1 0. 
The results indicated that growth rates were s ignificantly affect by dietary 
treatments (P<0.05 ). The ADG, % weight gain and % SGR for the fish fed diet 1 
(control d iet) were s ignificantly h igher than the rest of the groups (P< 0.05 ). However, 
the difference between growth rates of fish fed date pits were not s ignificant (P> 0.05 ) 
(figure 6, 7 and 8). The results of the ANOV A of the first experiment are given in table 
1 2. 
Feed uti lization efficiency, including FCR, PER and NER, was also significantly 
affected by dietary treatment ( P< 0.05), but PPV was not significantly affected (p>0.05). 
The FC and PER of the fish fed the control diet was significantly better than those fed 
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date pits-based diets. However, FeR and PER values of fLSh fed date pits were not 
significant by d ifferent (P > 0.05) (figure 9 and 1 0). 
Table 11: Growth rates, feed conversion efficiency and protein and energy retention 
of Nile tilapia fingerlings ( 1 0 g) fed the test d iets in expel'iment I for 70 days. Values 
in the same column with different letterers are sign ificantly different (p < 0.05): 
Test l W. F.W. Feed 
Diet g/fish glfish intake 
Control ] 0.2  52. 1 7 1 .0 
25 % 1 0.6 37.9 59.8 
50 % 9.8 34. 1 60.9 
75 % 1 0.2 3 5 .4 58.6 
1 00 %  ] 0.3 30.4 54. 1 
I . W. :  In i tial Body Weight g/fish 
F. W. :  Final Body Weight g/fish 
l ADG: Average Dai ly  Gain 
2010 W. Gain :  Percent Weight Gain 
3%SGR: % Specific Growth Rate 
4FCR: Feed Conversion Ratio 
5pER Protein Efficiency Ratio 
6PPV: Protein Productive Value 
7NER Net Energy Retention 
ADG 
0.608 
0.39b 
0 .35b 
0.37b 
0.28b 
%W. % FCR . 2 gam SGR3 
4 1 1 .3 8 2 .3 8 1 . 78 1 . 58 27.08 1 3 .98 
258.5b 1 .8b 2 .2b 1 .2b 2 1 . 88 1 1 .68 
252 .8b 1 .8b 2 .5b 1 . 1  b 1 8.9" 9.300 
250.5b 1 .8b 2 .3b 1 . 1 b 20.58 1 1 . 1 8  
1 93 .0b 1 . 5b 2 .8b 1 .0b 1 6.8" 8 . 1 b 
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Ta ble 1 2 :  Analysis of variance of tbe results obtained in the first 
experi ment: 
Experiment Date pits JeveJ 
ADG: P value 0.036* 
F value 3 .94 
% Weight grun :  P value 0 .04* 
F val ue 4 .05 
% SGR: P value 0.001 ** 
F value 1 8 . 1 5  
FCR: P value 0.001 **  
F value 1 6.03 
PER P value 0.001 ** 
F value 1 4 .03 
PPV: P value 0.007** 
F value 6.68 
NER :  P value 0.00 1  ** 
F value 1 7.05 
* : S ignificant at 5% level ofprobabi t ity 
* *  : S ignificant at 1 % level of probabi l ity 
N.S :  not s ignificant at 5% level of probabil ity 
6 ]  
Fish s ize 
0.201 
l . 87 
0.2 1  N.S 
1 .98 
0.00 1  ** 
237.6 
0.00 1 ** 
1 33 .5 
0.00 1  **  
86.75 
0.00 1 **  
20.23 
0.00 1  ** 
1 3 1 .44 
Interaction 
0.00 1 **  
1 4.9 
0.00 1  * *  
1 4.9 
0.79 N.S 
0.4 
0. 1 N.S 
2.47 
0.9 N.S 
0.20 
0.6 N.S 
0.7 1  
0.22 N.S 
1 . 75 
60 
50 
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o 
Figure 5: � iD tbe weipb of Nile tibpia rmgerfin� (lOg) fed varying 
Ieveb of date pm in experilDeaU 
I I r 
� 
�. // L' --� 
I -? :� � I� 
o 10 20 30 40 
Time (day.) 
// 
v� �-� . 
� �--
----
50 60 
l / 7 
-
... 
J .1 .-
--
-
70 
..... Control 
25-;' DP 
50�_ DP 
75�. DP 
100�_ DP 
FIgUre 6: The ABG of Nile tilapia fingerlings (lOg) fed varying lenls of date 
pm in experiment L 
0.7 1 
0.6 
0.5 
g OJ 
1t! 
0.2 
0. 1 
o 
f---
� 
,-
f---
f---
o 
-
-
-
I-----
5O% DP 75% DP 100% DP 
Date pm levels (%) 
62 
400 
350 
100 
50 
o 
2.5 
2 
� 1.5  to) 
ell 
:f:. 0 
I 
0.5 
0 
Yipre 7: "I1Ie % Weipt ,aiR of N"tIe tiIapia � ( 1� fed v� 
!eve" of date piU iJa experiJaeJlt L 
.-- - -- -
f----- �. 
I---
f----- "". 
f----- :.'< .-. 
I--- -
,. 
r--I"" fc,j< ,� � /" f-- . .  � 
iii t -- �i .. I--- - if' , .<C 
I!J "", 
J 
" 1---1 r--
r--
I 
o 25% DP 5O% DP 100% DP 
Date piU levels (./e) 
FtglIre 8: The lY.SGR of Nile tilapia �rlingt (lOg) fed varying levels of 
d2te piU in experiment I 
0 25% DP SO-Ie DP 75% DP 100% DP 
Date pits levek (%) 
63 
3 
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Body composition of fish fingerl ings is summarized in table 1 3 .  Body moisture, 
crude protein, and ash were almost s imi lar for al l  groups, indicating that they were not 
s ignificantly affected by d ietary treatments. On the other hand crude lipid was 
s ignificantly affected. Increasing date pits level up to 1 00% caused retardation in body 
crude l ipids. 
Tablel 3: Body com pos ition in a d ry base weight of Nile t ilapia fmget'lings ( l Og) fed 
d iets in expel'iment I. Values in the same column with diffel'ent letterers al'e 
s ignificantly diffel'ent (p < 0.05): 
Diets %Moisture %Crude Protein %Crude %Ash 
l ipid 
Control 77.23 76.7 3 5 .99 8 1 0.46 a 
25 % 76. 1 8 76.6 3 5.34 a 1 0.20 3 
50 % 77. 1 a 77.3 a 4. 1 4 3  1 0. 8 1  a 
75 % 76.6 3 77.9 3  5 .29 3  9.04 3 
1 00 %  78.0 3 78. 1 a 2.67 b 1 1 . 50 a 
Initial 76.3 8 80. 1 a 3.9 8  9 .70 8 
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Ad ult fISh : 
For adu lt fish (50 g), the trends of fish performance were simi lar to that of 
fingerlings (table 1 4). The ADG, % weight gain and % SGR for the control diet were 
s ignificantly better (P< 0.05 ) than that of date pits diets (Figure 1 2, 1 3  and 1 4) .  However, 
increasing date pits levels from 25 to 1 00% did not further affect fish growth (P > 0.05). 
Feed uti l ization including FC, PER and NER were sign ificantly different among 
the test diets (P< 0.05). Fish fed the control diet had s ignificantly better FC, PER, and 
NER than fish fed date pits (figure 1 5 , 1 6  and 1 7). The PPV values for a l l  test diets were 
not s ignificantly affected (P> 0.05) .  
Body composition of adult  N i le t i lapia are shown in table 1 5 . It  can be noticed 
that a l l  parameters, Moisture, crude protein, crude l ipid and ash were not significantly 
affected by the test d iets. However, the sum of protein, carbohydrates, l ipids and ash in 
a l l  treatments d id not come to a 1 00010. This may have been due to some errors in flesh 
sampl ing and/or chemical analysis. 
In terms of the possible effect of size on growth performance and feed uti l ization 
of Ni le  t i lapia, two way analysis of variance was calcu lated. Growth performance for the 
two sizes of fish including % SGR and % weight gain was found to be significantly 
affected by date pits levels and fish size ( P< 0.05 ) but there were no interaction between 
date pits and size (P> 0.05). On the other hand, there was a significant effect of date pits 
l evels, but not fish size on ADG . Furthermore, there was an interaction between size and 
date pits level on ADG ( P< 0.05). 
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Feed util ization including FeR., PER, PPV, and NER were a l l  significantly 
affected by date pits levels and by fish s ize (P< 0.05), but there were no intemction 
between these factors (P> 0.05 ). 
Comparing fish fingerl ings with adu lts, it appeared that fmgerl ings performance 
were better than that of adu lts. Th is finding indicates that N i le t i lapia fmgerl ings can 
uti l ize date pits more efficient ly than adults. 
Table14 :  G."owth Rates, feed conve."sion and p,"otein and energy retention of Nile 
tilapia adult (50g) fed the test d iets in expe."iment I fo," 70 days. Values in the same 
column with d iffe."ent letterers a ,oe significantly d ifferent (p < 0.05): 
Test l .W. F.W. Feed 
Diet g/fish g/fish intake 
Control 50.6 1 37.3 206. 5 
25 % 50.7 96.0 1 79.7 
50 % 49. 5  89.6 1 74.4 
75 %  50.8 97.6 1 86.4 
1 00 %  5 1 .0 89.9 1 70.8 
I. W . :  Initial Body Weight g/fish 
F .W. :  F inal  Body Weight g/fish 
1 ADG: Avemge Dai ly  Gain 
� W. Gain : Percent Weight Gain 
3%SGR % Specific Growth Rate 
4FCR Feed Conversion Ratio 
5PER Protein Efficiency Ratio 
6pPV: Protein Productive Value 
7 R 
. 
NER Net Energy etentlOn 
ADG %W. % FeR 
gain2 SGR3 
1 .28 1 7 1 .48 1 .423 2 .428 1 .098 2 1 .33  
0 .7b 89.5b 0.9 1 b 4.00b O.64b 1 8 .48 
0.6b 8 1 .0b 0.85b 4.35b 0.61 b 1 1 . 1 8 
0 .7b 92. 1 b 0.93b 3 .98b 0.67b 9.03 
0.6b 75 . Sb 0.80b 4.42b 0 .61 b 9.83 
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9.63 
4.3b 
4.2b 
3 . l b 
2 .6b 
Table 1 5  : Body com position in a d ry base weight of Ni le tilapia adult (50g) fed diets 
in expedment L Values in the same column with d ifferent letterers are significantly 
d ifferent (P  < 0.05):  
Diets %Moisture %Crude Protein %Crude %Ash 
Lipid 
Control 76. 1 "  8 1 .6" 2 .98 9.28 
25 % 76.7" 79.78 2 . 1 8 1 0. 38 
50 % 76.93 8 1 .43 2 .83 1 3 .23 
75 % 77.28 7 1 .33 1 .98 1 3 . 53 
1 00 %  76.98 77.4" 2 .6" l I .8a 
in i tial 76.9 8 77.3 8 9.5 b 8.9 8 
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Figure 1 2: The ADG or Nile tiJapia adult (50g) fed varying level� of date pits 
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Figure 15: The FCR of Nile tilapia adults (SOg) fed varying levels of date pits 
in experiment L 
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2. Experi ment I I :  
This experiment was conducted to evaluate the effectiveness of using exogenous 
enzymes and acid treatment of date pits for Ni le ti lapia fingerlings ( l Og). 
The growth rates includ ing average dai ly gain (ADG), % Weight gam and 
specific growth rate (% SGR), and feed uti l ization efficiency inc luding feed Conversion 
(FeR), protein efficiency ratio (PER), protein productive value (pPV) and net energy 
retentIOn (NER) of the fish fed the test diets are summarized in table 1 6  and graphical ly 
represented in figures 24-29. 
The present results ind icated that ADG, % weight gam and % SGR were 
s ignificantly affected by date pits levels, enzyme addition and acid treatment of ( P< 
0.05). Furthermore, there were interactions among these factors on ADG and % weight 
gain.  The % SGR was s ignificantly affect by a l l  factors separately (P< 0.05) but there 
were no interaction among them. It was found that ADG, % weight gain and % SGR 
values for control diet and the 25 % date pits level were not sign ificantly different. 
Further, i ncrease in date pits levels significantly reduced growth rates (P < 0.05). The 
results of the ANOV A of the second experiment are given in  table 1 7 . 
FCR was significantly affected by date pits levels, enzyme supplementation and 
acid treatment of date pits (p<0.05), but there were no interaction among these factors. 
However, FCR values of fish fed the control diets and 25 % date pits were not 
s ignificantly better than the rest of the diets (P > 0.05). In addition, the PER, PPV and 
NER were not significant effected by dietary treatments (P> 0.05). 
The results indicated also that growth rates and feed uti l ization efficiency were 
not significantly affected (P >0.05) by either enzyme supplementation or acid treatment 
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or both. Furthermore, these treatments have lead to s light reduction in fish growth (P> 
0.05 ). 
Ta ble 1 6: G rowth rates, feed conversion and protein and energy retention of Ni le 
tilapia fingerlings ( 1 0  g) fed the test d iets in experiment n fOl' 88 days. Values in the 
same column with d ifferent letterers are significantly d ifferent (p < 0.05):  
Test l . W. F .W. Feed 
Diet glfish g/fish i ntake 
Control 1 0.3  3 8.4  1 04 . 1  
25 % 9.7 3 5.5  93.40 
50 % 1 0.7  32.7 9 1 .20 
25 % +  1 0.7 29.2 86.65 
enzyme 
50 % +  1 0.5  28. 2 82. 55 
enzyme 
25 % 1 0.6 34.7 95 .30 
acid 
treated 
50 % 1 0.3 27. 1 80.30 
acid 
treated 
50 % 1 0.3  25 .4 78.05 
acid 
treated 
+ 
enzyme 
I.W. :  Init ial  Body Weight glfish 
F .W. : Final Body Weight glfish 
l ADG: Average Dai ly  Gain 
20;0 W. Gain : Percent Weight Ga.in 
3%SGR % Specific Growth Rate 
4FCR :  Feed Conversion Ratio 
5pER:  Protein Efficiency Ratio 
6ppV: Protein Productive Value 
7NER: Net Energy Retention 
ADG %W . SGR' FeR PPY' . 2 gam 
0.328 274.68 1 . 58 3 . 543 0.88 1 1 .93 
0.29" 266.0" 1 .5" 3 .7 1  ab 0.63 1 1 .3 8 
0 .25b 206.6b 1 .3ba 4 . 1 5be 0.58 9.88 
0.2 1  be 1 72.9be 1 . 1 ba 4.77cd 0.43 9.83 
0.20be 1 68. 1 be 1 . 1 ba 4 .46c<l 0.48 9.48 
0.27ba 228.4ba 1 .48 3 .98ab 0.68 1 1 .28 
0. 1 9be 1 62.6be 1 . 1 ba 4. 93 cde 0.48 8 .83 
0. 1 7 c 1 46.6c 1 .0ba 5 .32e 0.3 8 8.68 
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NER 
1 9.63 
25 .28 
21 .48 
1 8 .98 
1 6.88 
24.58 
1 6.68 
1 3 .78 
Table 1 7: Analysis of variance of the results obtained in the second 
experiment:  
Experiment Date pits l evel 
ADG P value 0.005**  
F value 1 8.68 
% Weight gain :  P value 0.005 ** 
F value 1 9.0 1  
% SGR: P value 0.008** 
F value 1 5 .02 
FCR: P value 0.034* 
F value 7.49 
PER: P value 0.43NB 
F value 0.72 
PPV: P value 0.429 N.S 
F value 0.72 
NER:  P value 0.795 N.S 
F value 0.07 
Body Moisture: P value 0.356 N.S 
F value 1 .00 
Body Ash : P value 0 .444 N.S 
F value 0.67 
Body crude protein: P value 0.354 N.S 
F value 1 .0 1  
Body cure l ip ids: P value 0.00 1  ** 
F value 30.43 
* : S ignificant at 5% level of probabi l ity 
** : Significant at 1 % level of probabi l i ty 
N .S :  not significant at 5% level of probabi l ity 
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Treatment 
0.006** 
1 3 . 1 7  
0.006**  
1 4. 1 1 
0.008**  
1 1 .93 
0.020* 
8.09 
0.89 N.S 
0. 1 2  
0.893 N.S 
0. 1 2  
0.280 N.S 
1 . 58 
0.422 N.S 
1 .00 
0.647 N.S 
0.47 
0.220 N.S 
1 .97 
0.339 N.S 
1 .30 
Interaction 
0.078* 
4.04 
0.08* 
4.00 
0. 1 2  N.S 
2.97 
0. 1 79 N.S 
2 .32 
0.54 N.S 
0.69 
0.54 N.S 
0.69 
0. 1 03 N.S 
3 .40 
0.422 N.S 
1 . 00 
0. 1 87 N.S 
2.24 
0.293 N.S 
1 . 52 
0.0 1 6* 
8 .90 
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Figure 1 8: Change in the weight of Nile tilapia ( lOg) 
fed diets in experiment.lI 
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Body composition of fish fed the test d iets in experiment 2 is given in ta.ble 1 8 . It 
had been found that date pits levels, enzyme and acid treatment of date pits had no 
significant effect on body composi tion includ ing moisture, ash and crude protein (P> 
0.05 ). On the other hand crude l ipid was significantly affected by date pit level but not by 
enzyme supplementation or acid treatment (P< 0.05). Body crude l ipid in fish was 
significantly lower in fish fed 50% date p its, either treated or untreated, than in those fed 
other d iets. On the other hand, group 4 (25% date p its + Enzyme) had significant1y higher 
(P> 0.05) crude J ipid level than the rest of the groups. 
Table 1 8: Body composition in a dl)' base weight of Nile tilapia fingelolings ( l Og) fed 
diets in expeliment n. Values in the same column with d ifferent letterers aloe 
s ignificantly d ifferent (p < 0.05): 
Diets %Moisture %Crude Protein %Crude l ipid %Ash 
Contr01 75 . 38 63.98 1 1 .88 22.33  
25 % 75 .88 63.88 1 2.08 2 1 .63 
50 % 76.08 62.88 1 1 .93 2 1 .28 
25 % + enzyme 74.63 63.73 1 4 .2b 2 1 .08 
50 % + enzyme 76.68 66.28 9.7ah 22.98 
25  % acid treated 75. 1 8  64. 78 1 2 .500 22 . 1 s 
50 % acid treated 76.78 65.48 9.9ah 2 1 . 88 
50 % acid treated + enzyme 76.98 66. 1 a 8.0bc 23 .58 
i nitiaJ 76.0 8 6 1 .9 8 1 5 .0 b 20.3 8 
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Discussion 
Since Feed represents more than 50% of aquacu lture projects runn ing costs, it  is 
very essential to develop cost-effective feeds to be used as supplementary diets in fish 
ponds or as complete d iets in intensive culture. Such approach is exemplified in fish diets 
through replacing the expensive ingredients with unconventional, inexpensive materials 
which main ly depend on by-products from the fo l lowing sources: a)  by-products of plant 
origin, b) by-products of animal origin and c)  agricu ltural and industrial wastes. Most of 
these by-products could be used in fish feed formu lation. 
Date pits is an important agricultura l  by product in the UAE. It was est imated that 
the annual date pits production in the UAE is about 1 00,000 tons. The annual production 
of date fruit in UAE reaches 757,60 1 tons (MAF, 2002). 
Date by-products have been used as animal feed for a long time. A number of 
studies have been conducted in this regard. Date by-products have been efficiently 
uti l ized by sheep (Tag EI -Din and Nour, 1 996; El-Hag et a I . ,  1 996; Hmeidan et a I . ,  1 996), 
pou ltry (Hmeidan et a I, 1 996; H ussein et a l . ,  1 998), Calves (El-Hag and EI-Khanjar� 
2000). However, l ittle information is avai lable on the use of date pits as fish feed 
ingredient. The present study tended to evaluate date pits as a feed i ngredient for N i le 
t i lapia. 
From the present resu lts, it  was found that using date pits as feed ingredient 
caused a s ignificant reduction in the growth rates, feed uti l ization and body l ipids of Ni le  
t i lap ia fingerl ings ( l Og) and adu lts ( SOg). This finding is s imi lar to the finding of Yousif 
et al .  ( 1 996), who attempted to study the potential of dates and date pits as dietary 
8 1  
carbohydrate sources for t i lapia (Oreochromis aureus). They reported that dates are not 
recommended as a carbohydrate source in ti lapia d iets as they are almost entirely  s imple 
sugars. The most i mportant conclusion of their study is that date pits could be 
incorporated in fish d iets as a natural repart itioning agent for obtaining less fatty fish. The 
negative effects of date p i ts on fish performance in the present study may have been due 
to: 
1 )  Their h igh fiber contents and/or 
2) Their h igh contents of s imple sugars. 
Several studies have considered the effects of fiber dietary on different ani mals. 
In monogastric an imals, the h igh fiber content of date pits was reported to cause 
decreased weight gain (VandepopuJiere et a l . 1 995). S im i larly, Shiau et a l .  ( 1 988) studied 
the effects on dietary carboximethylcel lelose (CMC) on ti lapia hybrids (Oreochromis 
nt/aticus X o. aureus). They found that the increase in CMC in the diets i ncreases 
stomach emptying time, leading to reducing growth rates and feed uti l ization efficiency.  
S imi lar results were reported by Diondicke and Stom ( 1 990) who found that the best 
growth rate, survival, FCR and PER of tilapia were obtained with 2. 5-5% supplemental 
fiber. They also found that ti lapia fed with 1 0% cel lu lose-supplemented diets 
demonstrated depressed growth compared fish fed the cel lulose-free d iets. Furthermore, 
Nile t i lapia and T zillii fed increased levels of cel lu lose had a progressive reduction in 
growth rates (Anderson et a1 . ,  1 984; El-Sayed, 1 987). The poor performance of ti l apia fed 
h igh fiber content may have been due to their inabi l i ty to secrete cel lu lase (a cel lu lose 
d igesting enzyme). 
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Although carbohydrate in date pits represent the largest component (70 to 80%), only 
a smal l part of it, consists of simple sugar (glucose and fructose) whi le the remainder of 
carbohydrates are complex sugars. With special eye for its use as an animal feed, and 
together with crude fiber content, th is part can be further split up into cel lu lose, 
hemicel lu loses l ignin and ash (F AO, 1 999) (table 1 9). 
Ta ble 1 9 : Composition of date pits carbohydra tes (excl. sugars )  (% of dry weight) 
( FAO, 1 999) 
NDF 75.0 (neutral detergent fiber, total ce)) wal l  content) 
ADF 57.5 (acid detergent fiber, N DF less henllcel lu loses) 
Hemice l lu lose 1 7.5  (NDF minus ADG, hemice l lu lose is a long- chain carbohydrate 
hydrolyzed by di lute acids into mainly xylose) 
Lignin 
Cel lulose 
Ash 
1 1 .0 (determined by potassium l ignin procedure on ADF residue, 
oxidizing the l ignin) 
42.5 (bu rn ing above residue) 
4.0 (what remains upon burning) 
The effects of dietary carbohydrate sources on fish performance have a lso been 
studied by a number of authors. Shiau and Lin ( 1 993) studied the effects of starch or 
fru ctose on the growth and feed efficiency of 0. niloticus x 0. aureus hybrids. They 
found that starch was better uti l ized than glucose. In addition, Shiau and Chung ( 1 995) 
studied the effects of polysaccharides, disaocharides and glucose on the performance of 
the same species. They found that fish growth rates were as fol lows 
starch>maltose>sucrose>lactose>g!uoose. 
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It is clear from the foregoing discussion that ti lapia can util ize complex 
carbohydrates more efficiently than simple sugars. This may explain the poor 
performance of Ni le  ti lapia fed date pits-based diets in the present study. On the contrary, 
Anderson et al .  ( 1 984) found that 0. niloticus fed diet containing glucose as the only 
carbohydrate source grew as wel l  as  those fed a diet contain in g  dextrin source, their 
growth was superior to that ofti lapia fed a diet containing starch . 
Carbohydrate uti l ization by fish varies and remains obscure (Shaiu and Peng, 
1 993 ; Wilson, 1 994). Ti lapia species have been demonstrated to util ize complex 
carbohydrates, such as dextrin or starch for growth more readi ly than simple sugars such 
as glucose (Sbiau and Lin, 1 993 ). In addition, Shiau and Chung ( 1 995)  fou nd that ti lapia 
j uven i les uti l ize disaccharides better than glucose but more poorly than starch. This may 
explain the poor uti l ization of dates incorporated in d iets. 
On the contrary of the present study, AJ Asgah ( 1 987) studied the possible 
replacement of wheat bran-barley mixture by date pits in carp feed. He found that partial 
replacement of up to 75% level improved carp growth . On the other hand, Omar and 
Nour ( 1 993 ) found that feed and nutrient util ization of ti lapia fed on diets contain ing 
different varieties of immature date fruit droppings were simi lar to com grain diet. 
Simi larly, Belal and AJ-Jasser ( 1 997) determined the effects of replacing dietary starch 
with pitted date fruit ( 1 5 , 30 and 45%) in N i le ti lapia feed. They found that weight gain, 
feed conversion, specific growth rate and protein efficiency ratio were improved with 
i ncreasing date fruit up to 45% as compared with the starch diet (COlo date diet).  They 
added that the diet containing 30% date was superior to al l  other test diets. Body moisture, 
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crude protein and total ash were gradual ly  increased as the level of date in the feeds was 
increased, wh ile body l ipids were reduced. 
Carbohydrate levels in the diets sign ificantly affect ti lapia performance. Anderson 
et al .  ( 1 984) found that up to 400/0 glucose, sucrose, dextrin could be efficiently uti l ized 
by 0. niloticlis. The weight gain of 0. niloticus was improved with the increase in 
d igestible carbohydrate levels from 30% to 40%. The authors concluded that the 
optimum growth was attained on a diet contain ing 30% digestible carbohydrate when the 
dietary protein level was fixed at 3 5%. Simi lar results were reported on T. zillii which 
were reported to util ize up to 40% dietary carbohydrate without adverse effects on their 
growth and feed efficiency (EI-Sayed, 1 987). 
Fish body size affects carbohydrate util ization in ti lapia. The present study 
indicated that smal ler fishes ( l Og) uti lize date pits more efficiently than large fish (50g). 
S imi larly, Tung and Shiau ( 1 993 ) conducted a study to elucidate whether t i lapia with two 
body s izes (4.5g and 0.46g) util ized g lucose better than starch. They found that the larger 
fish gained significantly more body weight and had a better FCR, protein and energy 
deposition than the small fish when fed a glucose diet However, weight gain, FCR, 
Protein and energy deposition of large and smal ler fish were simi lar when the starch diet 
was fed. Fish fed the starch diet gained more body weight than those fed the glucose diet 
in  both large and smal l  fish.  Smal l  fish fed the starch diet had significantly more body 
l ipid than those fed g lucose diet. However, large fish had more body l ipid than smal l fish 
i rrespective of dietary carbohydrate source. The authors concluded that these fish utilized 
starch more efficiently than glucose. 
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Although, carbohydrates are considered the least expenslVe form of dietary 
energy for animals, studies on their uti l ization and metabol ism by fish are l im ited and 
need further studies. In the absence of adequate dietary carbohydrates or l ipids, fish wil l  
util ize protein to meet their energy needs (Cowy and Sargent, 1 979). When adequate 
energy is avai lable the protein wel l  be uti l ized for growth. Uti l ization of carbohydrates as 
an energy source at the expense of protein is referred to as protein-sparing effect of 
carbohydrates. Protein sparing effect by carbohydrates has been reported by many 
authors (Shaiu and Peng, 1 993 ; Al i  and Al Asgah, 200 1 ). Carbohydrates may also serve 
as precursors for various metabolic intermediates necessary for growth i .e. nonessential 
amino acids, nucleic acids and gelatinized starch. 
It is wel l  known that herbivorous and omnivorous fish can efficiently uti l ize 
dietary carbohydrates, and therefore these fish are cultured practical ly with diets 
containing large amount of carbohydrates (Shimeno et aI . ,  1 979). Ogino and Chen ( 1 973 ) 
i ndicated that carp can effectively digest and absorb the nutrient regardless of the 
carbohydrate level in the diet. 
The effects of processing of carbohydrate sources on thei r qual ity for different 
animals have been studi ed  with varying results .  H ussein et aI .  ( 1 998) found that treating 
date p its with sulfuric acid had no s ignificant effect on growth performance and feed 
uti lization of broilers. Date palm materials have been treated to improve their qual ity. 
Yousif et al .  ( 1 9%) found that the ammonia treated date palm leaves and wheat straw 
were palatable enough to be fed on their own to sheep without any supplementation. 
However, Ali et aL. ( 1 999) removed the fibrous coats of the pits by soaking them in 70% 
sulfuric acid for 30 min. They found that treated pits did not improve body weight of rats. 
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The fiber content of date pits is very h igh and acid treatment only removed the fibrous 
sheeted date pits. Therefore, leaving date pits in acid for longer time or the use of other 
treatments might be more effective. 
Little information is available on the effects processing of d ietary carbohydrate 
sources on their quality for tilapia. EI-Sayed (1991) found that cooking sugar cane 
baggase slightly improved its quality for T. zillii. Recently, EI-Sayed (2002b) studied the 
effect of fermentation of water hyacinth on its quality for Nile tilapia fingerlings. He 
found that fermentation improved its quality when it was included in the diets at h igh 
levels (20%) while fermentation was not necessary at low hyacinth inclusion levels 
( 1 0010 ). 
Acid treatment of date pits in the present study did not improve its quality for Nile 
tilapia at 25 or 50% inclusion level. This is in agreement with Hussein et al. (1998) who 
found that treating date pits with sulfuric acid had no significant effect on growth 
performance and feed utilization of broilers. 
The supplementation of date pits-based diets with exogenous enzymes in the 
present study did not result in any improvement in Nile tilapia performance. Similar 
results were reported on the shrimp, Litopenaeus vannamei (Divakaran and Velasco, 
1999). This finding is in  contrast with the results of EI Dahhar (1999) who studied 
enzyme inclusion for grey mullet, Liza ramada. He found that the effect of heat-treated 
feed and exogenous zymogen on the survival and growth of grey mullet larvae. Heat 
treatment for 20 min with 4% zymogen gave the best results for larval survival rate and 
growth. Heat treatment before enzyme add ition with increasing enzyme level in the diet 
could be effective in this regard. 
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The ins ignificant effects of exogenous enzymes could be attributed to: 1 )  enzyme 
degradation, 2 )  bad storage, and 3 )  enzyme loose its effectiveness in fish stomach. 
The supplementation of feed of different terrestrial animals with exogenous enzymes 
has been extensive ly studied. Supplementing the diets of pigs diets (Medel et aI . ,  2002; 
Yin et a i, 2000 and Gi l l  et ai, 2000), for pOUl try (Viverso et aI . ,  1 994; Flores et a I . ,  1 994; 
Yu et ai . ,  1 998; Steenfe ldt et a I . ,  1 998) and for grey mul let, Liza ramada (EI Dabber, 
1 999) with enzymes has resulted in a significant improvements in their performances. 
Conclusions: 
1 )  Date pits are not recommended as a carbohydrate source in ti lapia 
fi ngerl ings d iets at more than 25% as they are almost entirely simple 
sugars. However, date pits could be incorporated in  fish diets as a 
natural repartitioning agent for obtain ing less-fatty fish as suggested by 
Yousif et a l .  ( 1 996). 
2)  Furthermore, cost-benefit analysis of  date pits-based diets should be 
conducted to test whether they can be incorporated into ti lapia diets, 
and at what i nc lusion level .  
3 )  Acid treatment o f  date pits or the supp lementation of exogenous 
enzymes to date pits did not improve their qual ity for Ni le ti lapia 
fingerlings .  
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